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The introduction of various gases into the animal organism for 
purposes of experimental study or for therapeutic effect has been 
carried out for many years. The types of gases which have been 
used have varied greatly. Oxygen, nitrogen, carbon dioxide, hydro- 
gen, atmospheric air, and mixtures of some of these, have all been 
employed. The methods by which these gases or gaseous mixtures 
have been introduced have likewise varied. In some cases the ex- 
perimental animal has been enclosed within a chamber in which the 
gas content could be accurately regulated. In others the gases have 
been supplied by means of a mask or nose-piece through which a 
known quantity or type of gas could be delivered. Again the gas 
has been actually injected into the body, either into a natural cavity 
such as the pleural cavity, or the lumen of an isolated loop of in- 
testine; or directly into the tissue spaces. Evacuated abscess cav- 
ities have been filled with certain gases (e.g. oxygen), and on rare 
occasions gases have been introduced into the blood stream. 

It is not our purpose to enter here into a discussion of these many 
and unrelated studies made with the gases mentioned above. It is 
desired simply to indicate at the outset that such studies have been 


* The major part of this work was done in the Department of Pathology of the 
Vanderbilt University Medical School. All of it was throughout in close association 
with, and represented an integral part of the program of work that is being carried on 
in the Department of Anatomy with the help and codperation of the Research Com- 
mittee of the National Tuberculosis Association. 
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carried out. In this paper we wish to report a series of experiments 
with gases in which a hitherto unstudied phase of their effect within 
the body will be described. This phase is the local tissue reaction 
to subcutaneous injections of pure gases. 

In our experiments small amounts of sterile oxygen, nitrogen, 
and carbon dioxide were introduced into the subcutaneous tissues 
of guinea pigs and the reactions of cells and tissues to the individual 
gases were studied. As far as we know this is the first time that 
such studies have been made. Gases have been introduced into the 
subcutaneous tissues under other conditions, but the object of the 
injections has been for some other purpose, and the local inflam- 
matory reaction has been disregarded. Boeldieu '? and others have 
injected nascent oxygen subcutaneously in the treatment of whoop- 
ing cough, and various devices for the introduction of this gas into 
the tissues have been perfected, notably by Fialip* and Agasse- 
Lafont and Douris.* Oxygen has also been introduced therapeu- 
tically into tuberculous abscesses with good results. Bonnamour 
and Langénieux 5 have studied the effect of subcutaneous injections 
of carbon dioxide on the respiration. Campbell ® introduced various 
gases, especially oxygen, nitrogen, and carbon dioxide, into the 
subcutaneous tissues and studied the diffusion of gases from the 
blood. He found that after several hours the gas originally in- 
jected was no longer pure, but contained, mixed with it, other gases 
which had come by diffusion from the blood. McIver, Redfield, and 
Benedict’ obtained similar results when the same gases were in- 
jected into isolated loops of intestine. But nowhere in the literature 
concerning the injection of gases into the animal organism have we 
found any mention of the study of the tissue response at the locus of 
injection. Of interest, however, is the brief description of the histo- 
logical appearance of emphysematous mediastinal tissues given by 
Wolbach * in his discussion of the pathology of fatal influenza cases 
studied at an army camp during the epidemic of 1918. Here the gas, 
atmospheric air, reached the mediastinal tissues from the lungs, and 
Wolbach calls attention to certain histological changes which he ob- 
served in the emphysematous regions. In the present paper we 
wish to limit ourselves to the local subcutaneous reaction and to 
describe it in some detail. 

These experiments have been carried on in close association with 
the group of studies on the tissue reactions in tuberculosis being 
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carried out at the Vanderbilt University Medical School. It there- 
fore seems worth while, at the outset, to outline briefly the major 
contributions to this subject and to indicate the connection which 
these seemingly unrelated studies with gases have to the study of 
the tissue reactions in tuberculosis. 

In the early study of the epithelioid cell of the tubercle, Baum- 
garten is the outstanding figure. In 1885 he reported his classical 
observations on the tubercle as studied in the avascular cornea of 
the rabbit.? He called attention to the “epithelioid” character of 
the typical cells of the lesions, the presence of which forms the es- 
sential criterion upon which the histological diagnosis of tubercle 
rests. As Krause! has pertinently remarked: ‘Epithelioid cells, 
onion-layered, may alone be seen, as tubercle bacilli have disin- 
tegrated and disappeared; it isa tubercle. Tubercle bacilli may alone 
be present, it is not a tubercle, nor is it one if lymphocytes alone dis- 
play themselves, or a giant cell alone.” 

In 1923, Sabin (quoted by Cunningham ”), in studying the scrap- 
ings of a lymph node from a patient with tuberculosis first observed 
these typical cells of the tubercle while living, and noted their 
similarity to the monocytes of the blood. Stimulated by her find- 
ings, Cunningham, Sabin, Sugiyama and Kindwall ” systematically 
studied experimental tuberculous lesions in the rabbit. They 
limited their descriptions to observations made on supravitally 
stained preparations, and their results confirmed Sabin’s earlier 
findings. They found that monocytes and epithelioid cells were 
present in great numbers in all tuberculous tissue and that transi- 
tional stages from one type to the other could be demonstrated. 
They introduced criteria for the identification of the individual 
epithelioid cell which up to then could not be recognized apart from 
its presence in a tubercle. In their report the typical epithelioid 
cell was described and pictured and the steps in its transition from 
the monocyte were followed. 

From their studies they concluded that the tubercle bacillus, 
from an intracellular position, in some unknown way, brought about 
the change of the monocyte into the epithelioid cell. Somewhat 
later, however, Sabin and Doan," working with chemical fractions 
of tubercle bacilli were able to produce typical epithelioid cells in 
rabbits with the phosphatid fractions, A-3 and A-4. 
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In 1928, Lawrence, Tompkins and Cunningham," using yellow 
phosphorus dissolved in various oils, were able to bring about the 
production of large numbers of monocytes and epithelioid cells by 
the injection of this substance into the subcutaneous tissues of 
guinea pigs. It was thus shown for the first time that certain 
chemical irritants, in addition to the tubercle bacillus, could produce 
these cells. 

The problem then was to determine the character of the various 
stimuli which would bring about an increase in monocytes and the 
production of the epithelioid type of cell. Was the reaction one in 
which the irritating agents were similar to each other chemically? 
Or was the cause purely physical and non-specific, unrelated to the 
chemical structure of the agent? In order to throw some light on 
these questions, it was decided to carry out experiments employing 
the simplest, most elemental irritants, and the gases named above 
were selected. 

Technique of Injections: The subcutaneous injections of gas were 
given with a very simple mechanism which consisted of a 20 cc. 
syringe to the outlet of which was attached a three-way valve which 
permitted the connection not only of the needle but also of a side- 
tube through which gas could be drawn into the syringe from the 
gas container. Gas was conveyed to the syringe through a sterile 
rubber tube, pressure tubing being constantly employed. Before 
entering the syringe, however, the gas passed through sterile dex- 
trose broth contained in two test-tubes which were inserted be- 
tween the gas chamber and the syringe. Following the injections 
into the animals these culture tubes were removed and incubated 
at 37.5°C. At the end of twenty-four and forty-eight hours, the 
broth was examined for evidence of bacterial growth. This pro- 
cedure was carried out for a considerable period of time, and in not 
a single instance was there any growth in the medium. It was then 
decided to dispense with the culture tubes and to replace them with 
a small sterile glass tube partly plugged with sterile cotton. This 
worked excellently and in no case was there evidence of local infec- 
tion in the tissues which had been injected with the gases. 

The gases used were obtained from commercial sources, coming 
in large steel tanks in which they were held under great pressure. 
By means of a reducing valve, the flow of the gases could be so 
diminished that it was possible to remove small amounts at a time. 
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The individual gases were not analyzed or purified chemically, 
but were used directly from the tanks. 

Before each experiment, the syringe, valve, needles and the rub- 
ber and glass tubing were sterilized by boiling. When cool they were 
attached to the gas chamber, and gas was run through the system 
long enough to assure a supply of the pure gas into the syringe. 
The needle was then carefully introduced into the subcutaneous 
tissues of the animal and approximately 20 to 25 cc. of the gas were 
injected. In the case of carbon dioxide, it was found necessary to 
introduce 40 cc. or more on account of the rapidity with which this 
gas was absorbed by the tissues. The animals were kept in clean 
cages until the following day when the injections were repeated. 
This procedure was carried out daily for varying lengths of time, 
although it was soon found that nitrogen disappeared so slowly that 
injections of this gas were necessary only at three or four-day in- 
tervals. At various periods, the animals were sacrificed and the 
tissues studied. 

Methods of Study: Immediately after the death of the animal the 
tissues and cells of the exudate were studied in the living state by 
means of the supravital technique.’® The slides employed were 
coated with a fairly strong solution of neutral red alone (30 to 60 
drops of the concentrated stain in 10 cc. of absolute alcohol) or with 
a combination of neutral red and Janus green, 2 drops of a satu- 
rated absolute alcoholic solution of the latter dye to1cc. of the 
diluted neutral red. Small amounts of the exudative fluid were 
scraped from the subcutaneous tissue, placed on clean cover slips, 
dropped on a slide, and sealed. In addition, minute fragments of 
connective tissue were spread out as thinly as possible on cover 
slips. During manipulation, this tissue often became slightly dry. 
To replace the evaporated fluid, a small drop of sterile serum from 
a normal guinea pig was added to the tissue before it was placed on 
the slide. All of the microscopic examinations of these fresh prep- 
arations were made in a hot box which was kept at a constant tem- 
perature of 39°C. 

Studies were made within an hour after the spreads were pre- 
pared. Specimens more than an hour old were discarded because of 
the rapidity with which cell degeneration took place after that time. 
When the supravital preparations had served their usefulness the 
cover slips of many of them were carefully removed and dropped in 
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Zenker’s fluid in order to fix the films so that they might be stained 
later by other methods. | 

After the material for the supravital studies had been obtained, 
all of the subcutaneous tissues of the injected area were excised and 
fixed in Zenker’s fluid. They were later embedded in paraffin and 
sectioned. Such sections were then stained by various methods, the 
usual being the ordinary hematoxylin-eosin method. Many sections 
were also stained for fibrin and collagen with Mallory’s anilin blue 
and Mallory’s phosphotungstic acid hematoxylin stains. In a 
number of cases, sections were stained for fibrin by Weigert’s method 
and for elastin by Verhoeff’s method. 

Rate of Absorption of the Gases: Although not considered at first 
to be an integral part of the principal problem, the period of time 
necessary for the complete disappearance of the gases from the 
subcutaneous tissues assumed a more and more important aspect as 
distinct differences in their absorption became evident. Carbon 
dioxide, for example, disappeared from the tissues readily. Within 
six to eight hours after the injection of 20 cc. of this gas only the 
slightest trace remained. If double the amount, 4o cc., were in- 
jected crepitation could be demonstrated for about twenty to 
twenty-four hours. This evidence of rapid absorption of carbon 
dioxide agrees with that of other workers who attribute the rapid 
disappearance of the gas to its very high diffusion rate in tissue. 
Campbell, for example, found that carbon dioxide disappeared 
from the subcutaneous tissues of rabbits very rapidly. Mclver, 
Redfield and Benedict found the same to be true of carbon dioxide 
injected into an isolated loop of intestine. 

Nitrogen, on the other hand, remained for long periods of time in 
the tissues. At the end of forty-eight or even seventy-two hours, 
the gas was still present in demonstrable quantities. This agrees 
with the findings of other observers, especially those already men- 
tioned. When 20 cc. of this gas were introduced into the subcutane- 
ous tissues crepitation was observed for a three-day period. Rarely 
were injections of nitrogen given at more frequent intervals. 

In the rate at which it disappeared from the tissues, oxygen oc- 
cupied a position approximately midway between the other two 
gases, perhaps more nearly approaching carbon dioxide than nitro- 
gen. At the end of twenty-four hours after a 20 cc. injection, slight 
crepitation was usually demonstrable and small bubbles of gas 
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could be found in the corium on gross examination. After thirty- 
six hours, however, the gas had usually left the tissues completely. 


OBSERVATIONS 


Gross Description: Before the animal was killed it was nearly 
always possible to demonstrate by crepitation the presence of free 
gas in the tissues. With carbon dioxide this was a less common find- 
ing on account of its rapid absorption, but with oxygen and nitrogen 
there was usually a considerable amount of gas present. When the 
animal was killed and the subcutaneous tissues were exposed, they 
were found to be quite moist or even wet. The wetness varied some- 
what with the different gases, being most marked with nitrogen and 
least with carbon dioxide. The maximum amount of fluid was 
present at four to ten days, sometimes later. In the case of nitrogen, 
the tissues were often so filled with moisture that large amounts of 
fluid, often filled with macroscopic vacuoles of gas, could be scraped 
up with the knife. 

Injections of the local vessels varied in intensity, sometimes being 
quite marked, but more commonly appearing only in local regions 
near the sites of needle punctures. 

The exudative fluid, when abundant enough to examine closely, 
was grayish white in color and not infrequently tinged with blood 
from vessels which were torn during the process of scraping. Usually 
bubbles or vacuoles of gas were visible to the naked eye throughout 
the tissues, being most numerous when nitrogen had been injected, 
and only slightly less so following oxygen administration. In the 
carbon dioxide animals, however, visible gas vacuoles were never 
present in great number, and often no such vacuoles were seen. The 
gas vacuoles were in all cases more numerous in the soft tissues of 
the groin than they were in the subcutaneous connective tissue of 
the anterior abdominal wall. 

At early periods, up to five or six days, there was no recognizable 
thickening of the subcutaneous connective tissue, but at later stages, 
7. e. after ten days, there was a moderate increase of the fibrous tissue 
with resulting induration and firmness of the abdominal wall. This 
was most noticeable in the case of nitrogen, and least remarkable 
with carbon dioxide. 
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SUPRAVITAL STUDIES 


Early Reaction: The local reaction at the end of short periods of 
time, twenty-four to forty-eight hours, was quite different from that 
occurring at later stages, after four days, for example. The acute 
reaction with all gases tended to be a granulocytic one, although 
monocytes in varying numbers, from 30 to 60 per cent, were also 
present. With oxygen, polymorphonuclear neutrophilic leukocytes 
were quite numerous, sometimes reaching 60 to 70 per cent of the 
total cells in preparations made at the end of twenty-four hours, 
and somewhat less at forty-eight hours. Nitrogen produced a defi- 
nite, though less marked, granulocytic reaction at the end of 
twenty-four hours, about 40 or 50 per cent of the cells being of this 
type. At forty-eight hours, the granulocytes were much less com- 
mon and monocytes were the predominant cells. Carbon dioxide at 
both twenty-four and forty-eight hours produced but a slight reac- 
tion. At that time polymorphonuclear neutrophiles were the pre- 
dominating cells. 

Late Reactions. Smears: In all preparations, early as well as late, 
there were varying numbers of moderately large cells, measuring 
from 8 to 12 microns in diameter. These were round or oval in 
shape, usually with smooth, regular outlines, occasionally irregular 
in shape and containing curved, oval or indented, eccentric nuclei 
which were clearly visible. Within the cytoplasm and grouped 
usually in a rounded, rosette-like clump near the nucleus there 
were varying numbers of light brownish red or yellowish red vac- 
uoles. Sometimes these surrounded a clear zone, the centrosphere, 
but more often they were grouped in a single mass, the center of 
which was less dense than the periphery. In many cells they were 
not so grouped, being found above or below the nucleus or scattered 
throughout the cytoplasm. They varied but slightly in size. Most 
of them were smaller than similar bodies in the normal monocyte of 
the blood. In addition to the neutral red vacuoles there were oc- 
casional refractile droplets of fat. 

These cells were present in all preparations examined. They were 
found even after twenty-four hours, but appeared in considerable 
quantities at the end of forty-eight hours and were most numerous at 
four to six days or thereafter. Many of them resembled the typical 
monocyte of the circulating blood, but the majority showed some 
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differences. The neutral red bodies, for example, were more numer- 
ous, smaller in size, and more uniform in shape; fat droplets were 
often visible in the cytoplasm; and the cells were generally larger 
than the typical monocyte. Such cells, therefore, were not normal. 
They resembled those shown in Figs. 1 and 2, Plate 1, of the paper 
by Cunningham, Sabin, Sugiyama, and Kindwall,” and we may call 
them, with these authors, ‘‘modified monocytes.” They were the 
characteristic cells of the exudates, being present in great numbers 
following injections of oxygen and nitrogen, but appearing less 
frequently after the administration of carbon dioxide. 

A few of the “modified monocytes” are shown in Figs. 1, 5, 6, 7, 
and 9. These particular cells, drawn directly from supravital pre- 
parations, were found in the scrapings of the subcutaneous tissues 
of an animal which had received daily oxygen injections over a 
period of four days, but they represent the predominating type 
found following the injection of all three gases. The tendency on the 
part of the neutral red bodies to form a rosette in many of the cells 
is well shown. Occasional fat droplets may also be seen. Such 
droplets were usually at the periphery of the cell, but they were 
sometimes found above or below the nucleus, or even among the 
neutral red vacuoles. They were most numerous in the cells from 
animals which had received carbon dioxide and least numerous fol- 
lowing oxygen injections. They appeared commonly after six or 
eight days, but even then only the older cells were involved. 

Cells of the same general character as those already described but 
containing several nuclei were also-present in varying numbers. 
They were rare at periods earlier than four days, but they appeared 
about that time and from then on they increased in number and 
often in complexity of structure. At eight or ten days they were 
invariably found. Figs. 3 and 8 show such cells, one with two nuclei, 
the other with three. These cells, like the mononuclear forms de- 
scribed above, showed the characteristic grouping of neutral red 
vacuoles about a centrosphere. Fat droplets, too, were often 
numerous. 

In addition to the abundant cells of the types already described 
there appeared another type of cell. Cells of this type were few in 
number in the early stages (three to five days) but they gradually 
increased until the tenth or twelfth day when they were present in 
considerable quantities, especially in the nitrogen and oxygen 
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animals. With carbon dioxide they were less common at all stages. 
These cells were usually very large, fifteen to forty microns in great- 
est dimension. They often contained a single nucleus, as in the up- 
per cell of Fig. 20, but frequently they contained two or more, up to 
six in a single cell. In all these cells the neutral red material was 
present as exceedingly fine, dust-like particles. In most of the cells 
the particles were so minute that they could not be made out in- 
dividually. Between them the cytoplasm had a faint, brownish 
red cast, as if the dye had either diffused into the cytoplasm itself or 
had stained some substance there situated. On the other hand, the 
hazy, diffuse staining may have been due to an optical effect brought 
about by the great number of the small bodies staining with the 
neutral red. These cells usually contained many fat droplets. 

Cells such as these are illustrated in the accompanying drawings. 
Fig. 20 shows two cells which were found in a shred of subcutaneous 
tissue taken from an animal which had received two injections of 
nitrogen over a period of four days. The larger cell contained two 
nuclei and the rosette of neutral red vacuoles was readily seen. The 
smaller cell, partly hidden by the larger, had less neutral red but 
showed the same grouping of minute neutral red bodies. The smal- 
ler cell also contained fat droplets. 

Fig. 10 shows a large binucleate cell from an animal which had 
had daily injections of oxygen for seven days. The neutral red 
vacuoles in this cell were all minute, quite regular and equal in size, 
and were clear and distinct. No diffuse reddish brown tint was 
present about the vacuoles as was commonly seen in the majority 
of these cells. The neutral red bodies formed two distinct rosettes 
between the nuclei. Several fat droplets were visible in the periph- 
eral portions of the cytoplasm. 

The cells shown in Figs. 12 and 13 were obtained from animals 
which had received nitrogen over a period of ten days and four days 
respectively. The first of these cells had three nuclei with definite 
nucleoli. The neutral red vacuoles were dust-like in character, 
stained diffusely brownish red, and simulated a rosette in their ar- 
rangement. The second cell, with two nuclei, was a younger form. 
Its cell border appeared irregular but the neutral red pattern was 
quite similar to that of the other cell. 

Fig. 11 illustrates the most usual appearance of these cells. This 
particular cell was very large, approximately twenty-five microns 
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in diameter, and contained five nuclei arranged in a circle about a 
dense mass of fine, hazy granules of neutral red. It was present in 
the scrapings from the subcutaneous tissue of an animal which had 
received four injections of nitrogen over a period of fourteen days. 
Such cells were not uncommon following nitrogen and oxygen in- 
jections, but were rarely found in carbon dioxide animals. They 
usually contained varying numbers of fat droplets which were al- 
most always present in the peripheral parts of the cytoplasm. 
Phagocytized foreign material was rarely seen. 

Fig. 15 shows a cell from the subcutaneous tissue of a carbon 
dioxide animal which had received daily injections of the gas for 
twelve days. While there were many minute bodies of the dye mas- 
sed in the central portion of the cytoplasm of this cell, there were 
also many larger vacuoles, some of which stained intensely with the 
neutral red, thus indicating an acid reaction. This type of cell 
usually contained many fat droplets. 

Fig. 14, from an eight-day nitrogen animal, shows one of these 
giant cells in the process of direct division. The neutral red material 
was present in very small vacuoles and these were found not only in 
the individual cells but in the long strand of cytoplasm which con- 
nected them. 

All of these large cells, both mononuclear and multinuclear, re- 
sembled the typical epithelioid cell of the tubercle, as this cell ap- 
pears in supravitally stained preparations. The increased size of 
the cell, the dust-like character of the neutral red vacuoles, their 
arrangement in a rosette-like mass in the cytoplasm and the presence 
of fat droplets in varying numbers are all characteristic of the 
epithelioid cell of true tubercle. In these preparations such epithe- 
lioid cells rarely contained large vacuoles of neutral red or other 
recognizable phagocytized material. 

Between the relatively normal monocytes, which were present in 
small numbers, and these typical epithelioid cells, there was the 
great group of modified monocytes which made up the largest per- 
centage of the cells. These appeared to be intermediate in character, 
being larger than the typical monocytes and containing more neutral 
red vacuoles. Indeed all stages of the transition could be followed, 
from early modified forms up to late stages where the neutral red 
bodies were minute, granular and hazy, and the cells quite large. 

The evidence of active multiplication of these cells was not great. 
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Only rarely were cells found in the process of direct division and 
never in indirect. Fig. 14, shows a giant cell which was dividing 
directly to form two daughter cells, one with three nuclei, the other 
with one. In Fig. 21 there is a cell from an oxygen animal of four 
days in which direct division was taking place. In both of these 
dividing cells there was a fairly equitable division of the neutral red 
bodies between the daughter cells, especially in the second one where 
distinct rosettes were present in association with each nucleus. 

An interesting phenomenon observed repeatedly in the prepara- 
tions from oxygen animals, and occasionally with nitrogen, was the 
arrangement of the cells about gas bubbles which were often present 
in the fluid, Figs. 16 and 17. While these structures were frequently 
found, it is to be presumed that they were more numerous in the 
actual tissues than they were in the stained preparations, for un- 
doubtedly during manipulation of the exudate many of these 
structures were destroyed. About the gas bubbles, which were of 
varying sizes, there were groups of typical monocytes, sometimes 
few, more often many. In the first illustration three cells are seen 
about such a bubble of gas. These cells had extended, sucker-like 
processes which were closely applied to the edge of the vacuole. 
The cells themselves had quite definite rosettes of neutral red and a 
few small neutral red bodies were present in the processes, in some 
cases extending down to their tips. 

The second drawing, Fig. 17, shows a somewhat larger gas vacuole 
which was surrounded by many cells arranged in spoke-like fashion 
about the bubble. The cells nearest the gas space had applied to its 
edge a large portion of their surfaces while those more remote had 
extended long cytoplasmic processes to the edge of the vacuole. 
All these cells contained small amounts of neutral red often scat- 
tered in the cytoplasm, though generally forming a small but dis- 
tinct clump. 

In preparations from animals which had received oxygen and 
nitrogen injections for four or more days, cells of the granulocytic 
series were only occasionally seen. Polymorphonuclear neutrophiles 
were the cells most usually found, but their presence was so infre- 
quent as to call for special mention. With carbon dioxide, on the 
other hand, polymorphonuclear neutrophiles were more commonly 
seen, and occasionally these cells predominated. Such cells when 
present in any of the preparations were quite typical in character, 
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were usually motile and not uncommonly contained one or more 
neutral red vacuoles of varying size and of a deep reddish tint. 

In addition to the cells described above, certain large phagocytic 
cells were noted sporadically in all of the preparations, but were 
more common in the carbon dioxide animals than in the others. 
Such cells were large, irregular in shape, with an oval nucleus. 
Neutral red vacuoles of varying size and tint were scattered irreg- 
ularly throughout the cytoplasm. There was no tendency to rosette 
formation or fine granulation. Phagocytized material, such as 
nuclear fragments or even whole leukocytes, was not limited to the 
peripheral cytoplasm, but was usually stored deep within the cell. 
These large phagocytic cells, however, differed greatly from the 
monocytes and epithelioid cells and were so infrequently found that 
their total percentage in several differential counts was never more 
than 1 to 3 per cent. They corresponded to the ‘‘clasmatocytes” 
as described by Sabin, Doan and Cunningham * and pictured in 
their Plate I. 

In addition to the living cells described above there were often 
dead or disintegrated cells which either stained diffusely or failed to 
take up any of the dye. These were more numerous in the carbon 
dioxide animals than in the others. No attempt was made to ident- 
ify such cells. 

Tissue Spreads: Spreads of thin sheets of subcutaneous con- 
nective tissue showed typical elongated, sometimes stellate, con- 
nective tissue cells of the fixed tissue. In general, these cells did not 
take up any of the neutral red, but where double stains were used 
they exhibited small numbers of minute, granular mitochondria 
grouped about the nucleus. Many strands of collagen were also 
visible, running in all directions. Present within such fragments of 
tissue, often clumped in clear spaces between collagen fibers were 
varying numbers of the typical monocytes and modified monocytes 
of the exudates as well as occasional] larger cells which approached 
the epithelioid cell type. Epithelioid cells as such were rarely found, 
although the two cells in Fig. 20 came from a tissue spread of a four- 
day nitrogen animal. In general, the younger forms of modified 
monocytes predominated, especially after oxygen and nitrogen in- 
jections. In the carbon dioxide animals polymorphonuclear neutro- 
philes were also in evidence and the monocytic types were distinctly 
fewer than they were in animals injected with the other two" gases. 
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Most of these exudative cells contained small groups of mitochondria 
arranged peripherally to the neutral red vacuoles, though sometimes 
these structures could be seen scattered between the neutral red- 
stained bodies. 

Fixed connective tissue cells were not infrequently seen to be 
dividing indirectly, so that active proliferation of these cells was in 
progress. In no case, however, were monocytes found in the process 
of cell division. 

In addition to monocytes and epithelioid cells, clasmatocytes 
were found more frequently in the tissues than they were in the 
exudates. Such cells resembled those seen in the smears. They 
were more numerous in specimens from carbon dioxide animals than 
they were in preparations from animals which had received oxygen 
or nitrogen. 

It was not unusual to find in preparations of tissue a tendency on 
the part of certain connective tissue cells to become rounded up and 
hypertrophied. Such cells were at first broad and tapering, with one 
or more long cytoplasmic processes which often connected them 
with adjacent cells. They contained varying numbers of small 
neutral red vacuoles which were usually scattered in the cytoplasm, 
but which sometimes simulated a rosette. In some of these cells the 
neutral red was present in small amount, only a few vacuoles some- 
what larger in size than those of the modified monocyte being 
present. But in others the intracytoplasmic structures showed a 
definite resemblance to those of the free monocyte, even to the 
grouping of fine mitochondria outside the rosette. Fig. 18 shows 
such a group of connective tissue cells, and illustrates the usual dis- 
tribution of neutral red vacuoles in their cytoplasm. Two typical, 
slightly modified monocytes were present between these cells. 
This group of cells came from an animal which had had daily oxygen 
injections for a period of seven days. 

In another seven-day oxygen animal an analogous, though more 
advanced, change was noted (see Fig. 19). Here a group of six or 
eight cells, apparently connective tissue cells, appeared to be in the 
process of rounding up and becoming free. Most of these cells had 
long, strand-like, cytoplasmic processes which extended from the 
cell into the adjacent tissue. The cells themselves, except for the 
single processes, were almost oval in shape and contained many 
small vacuoles of neutral red. Two of the cells had become com- 
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pletely separated from the tissue and were gradually becoming 
changed into rounded, free cells. One of these had a typical rosette. 
At the periphery of this small group there was a considerable number 
of free monocytes or modified monocytes. 

From a morphological standpoint, these altered connective tissue 
cells seemed to be undergoing definite transition from the fixed, 
tissue type to the free type. During the period of examination of the 
supravital preparations, those connective tissue cells which were ap- 
parently normal at first contained no neutral red, but they gradually 
acquired red-stained vacuoles which, at the end of an hour, were 
often quite numerous. These probably represent a degenerative 
change taking place within the cell during the time of observation. 
On the other hand, the cells which were undergoing the transitional 
change contained their vacuoles from a very early period, thus in- 
dicating that in some way they were already different from the 
normal connective tissue cells. Such altered cells appeared as types 
transitional in character, intermediate between the fixed connective 
tissue cell and the free cell of the exudate, the monocyte. It must 
be borne in mind, however, that the evidence of this apparent transi- 
tion rests at present solely on a morphological basis. 

Such apparent transformations from fixed to free cells were ob- 
served chiefly following oxygen injection. With nitrogen and carbon 
dioxide there were fewer evidences of a similar change. Granulo- 
cytes were not commonly found in tissue spreads except in carbon 
dioxide animals, where they were seen in large numbers. 

It was not uncommon to find small blood vessels, especially capil- 
laries, in the tissues studied. In no case was there any evidence of 
phagocytic activity on the part of the endothelial cells which formed 
their linings, nor was there any neutral red in their cytoplasm. No 
endothelial cells were seen in the process of cell division. There was 
no apparent desquamation. In such capillaries the endothelial cells 
formed a smooth, flat layer which lined the vessels and showed no 
evidence of becoming free or wandering into the tissues. 


Frxep Tissue STUDIES 


Sections of tissues fixed in Zenker’s fluid and stained with hema- 
toxylin and eosin showed varying numbers of large and small spaces 
which were more numerous in the nitrogen animals than they were 
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in the others. Following oxygen injections they were frequently 
found, but with carbon dioxide they were few in number and usually 
small in size. Present within most of these spaces there was a scat- 
tered granular deposit which consisted undoubtedly of albuminous 
material which had been precipitated from the edematous fluid 
noted grossly in the tissues. The presence of such a precipitate 
within almost all of these vacuoles which were originally made by 
gas indicates that the gas was not, at the time of fixation at least, 
the only occupant of the spaces, but that fluid which exuded from 
the surrounding tissues was also present in considerable quantity. 
In many places there were circular, clear areas within the precipitate, 
the evidence of gas vacuoles which had been present in the fluid it- 
self. For the sake of convenience in referring to these gas-formed 
spaces in the tissues, regardless of whether or not they contain fluid, 
they will hereafter be spoken of as ‘‘gas spaces.” 

In addition to the albuminous precipitate there were in the gas 
spaces varying numbers of cells and occasional irregular strands of 
an intensely red-staining substance which in some places resembled 
old fibrin, but which in others appeared to consist of stretched and 
fragmented strands of collagen fibers which had become separated 
from the tissue and were undergoing certain degenerative changes 
by which they became transformed into hyaline-like masses. The 
accumulations of cells and hyaline material were generally found 
scattered here and there within the spaces. They were most common 
at the edges of the spaces, Figs. 22 and 24, where the fluid had been 
abundant. Occasionally they were present in spaces which showed 
no evidence of fluid. 

The typical cells of the exudates found in the gas spaces are 
shown in Fig. 23. They were so numerous that one cannot but feel 
that they were identical with the monocytes and modified monocytes 
observed in the supravitally stained preparations. Such cells re- 
sembled the so-called large mononuclear leukocyte. They were ir- 
regularly round or oval, with single, eccentrically-placed, curved or 
indented nuclei. In fixed preparations nothing more specific could 
be made out. These cells were present in varying numbers within 
the gas spaces. They appeared also in the surrounding tissues. They 
were the characteristic cells of the exudates, appearing almost to the 
exclusion of other types. Polymorphonuclear neutrophilic leuko- 
cytes were rarely seen, except in the carbon dioxide animals where 
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they were uniformly present. These large mononuclear cells varied 
in size. The smallest were approximately 8 to 10 microns in diam- 
eter, while the largest were from 15 to 30 microns. In twenty-four 
to forty-eight hour animals they were found only occasionally, but 
after four days their presence was constant. 

Associated with these cells, which always predominated, there 
were sometimes others which were long and spindle-shaped. The 
latter cells resembled, morphologically, connective tissue cells from 
which, indeed, they may have originated. On the other hand, they 
may have been separated or desquamated cells from the walls of the 
gas spaces. In either case they appeared to be living cells at the 
time of fixation. Probably some of them corresponded to those con- 
nective tissue cells which, when studied in the living state were 
seen to be undergoing an apparent transition from fixed cells into 
free cells of the exudate. 

Giant cells with two, three, or even more nuclei were not uncom- 
mon in the exudate within the gas spaces. Such cells were usually 
round or oval and in many of them the nuclei were arranged in ring- 
like fashion about the center of the cell. These giant cells resembled 
those which were often found in supravital smears which had been 
fixed and stained after the studies on the living cells had been com- 
pleted. All of the giant cells found free in the gas spaces were un- 
doubtedly the same as the large multinucleate epithelioid cells 
which were observed in the supravital preparations. Nothing in 
their character or appearance, however, would lead one to suspect 
them of being epithelioid in type. But when the giant cells of the 
fixed supravital smears were carefully studied it was found that in 
many of them the neutral red vacuoles could still be made out, 
somewhat faintly to be sure, but clearly enough to enable one to de- 
termine that such cells had been epithelioid giant cells in the supra- 
vital preparation. There can be little question, therefore, that the 
free giant cells of the exudate, as observed in tissues which had not 
been stained with neutral red, were in fact multinucleated epithe- 
lioid cells. In Fig. 40, there is a clump of large giant cells from a gas 
space in the tissues of an animal which had been given nitrogen for a 
period of two months. 

In addition to the giant cells which were free in the exudate there 
were in the sections others which were a part of the tissue itself. 
These were adjacent to, or bordered on, gas spaces. Such cells were 
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found following administration of all of the gases, but were especially 
numerous in animals which had received nitrogen. Figs. 30 and 31 
show two of these cells, both from nitrogen animals. The epithe- 
lioid character of these cells was not so easily demonstrated, for ex- 
actly similar cells were not observed in the living state. Some of 
them, however, from their similarity to the free giant cells, and from 
their resemblance to the giant cells of a tubercle, may reasonably 
be assumed to be of the epithelioid type. 

In Fig. 31 a single cell is seen. This was definitely of the Langhans 
type with a rim of nuclei extending part way about the elongated 
cell. One border of the cell was in contact with the gas space. Fig. 
30 shows a similar cell in which the nuclei were grouped in the part 
of the cell farthest removed from the accumulation of gas. A single 
cytoplasmic process projected out toward the space which con- 
tained nitrogen. 

One of the largest giant cells observed is seen in Fig. 39, from a 
ten-day oxygen animal. This cell, which bordered on a small gas 
vacuole contained over forty visible nuclei. These formed a tri- 
angular zone about a pale, somewhat granular central area. Adjacent 
to this cell was another of similar character but with fewer nuclei. 
Occasionally large giant cells were found about masses of degen- 
erating collagen. Whether or not such cells were of monocytic or 
clasmatocytic origin was not determined. 

The tissues about the spaces in the oxygen and nitrogen animals 
showed definite changes. These were not always present following 
carbon dioxide administration but were observed with sufficient 
frequency to indicate that at certain periods there was a more pro- 
nounced reaction than at others and that the duration of the tissue 
change was shorter with carbon dioxide than with the other gases. 
Where any of the gases had been recently injected the connective 
tissue showed evidence of marked proliferative activity and ap- 
peared to be loose and areolar in character. Scattered throughout 
such foci there were considerable numbers of large mononuclear 
cells. Often varying amounts of a bright red, homogeneous, hyaline 
substance were also seen. This substance was accumulated most 
commonly at the edges of the gas spaces themselves, but some of it 
was situated within the newly formed tissue. This material re- 
sembled fibrin, and indeed much of it reacted as such when special 
staining methods were employed. 
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While the cells which were present in these tissues varied some- 
what in size they all resembled those of the exudate in the gas spaces. 
Sometimes giant cells with two or more nuclei were present, but 
they were less common here than they were in or near the gas 
vacuoles. The connective tissue cells themselves were large and dis- 
tinct, usually appearing to be spindle-shaped but not infrequently 
being branched or stellate in form. Their nuclei were round or oval, 
but occasionally were irregularly indented. With the hematoxylin- 
eosin stain their cytoplasm acquired a faint bluish tint and in gen- 
eral showed no structure other than a delicate reticulation. Such 
cells were frequently seen in the process of indirect division and 
mitotic figures were relatively numerous. About the hyaline masses 
described above, the proliferation of connective tissue cells was 
especially active. 

Often it seemed as if some of the fixed cells were actually forming 
free cells, for there were many places in the sections where apparent 
transitions from the one cell to the other were taking place. Such 
changes were most striking at the borders of the gas spaces where 
certain of the cells accumulated in the wall of the vacuole and ap- 
peared to be separating themselves from the tissue, much as the 
living cells in Fig. 19 were doing. Adjacent to, or intermingled with 
these cells which maintained but loose contact with the tissue and 
yet in many respects still resembled the connective tissue cells, 
there were free, rounded cells which were the same as those of the 
exudate. The inference that changes such as these represent a 
transition from connective tissue cell to free, large mononuclear 
cell rests on morphological evidence alone. But augmented by the 
findings in the supravital preparations, the inference seems to be 
justified in part, at least. Certainly the connective tissue cells them- 
selves were undergoing rapid proliferation, and many of them ex- 
hibited a morphological change from the normal cell type into that 
of the large mononuclear. The complete proof that there was a true 
transformation must await further investigation. The morpho- 
logical observations here recorded merely suggest the possibility 
of such a transition. 

The endothelial cells of the blood vessels in these areolar tissues 
were sometimes actively multiplying. This was especially true in 
the oxygen animals, less so in those which had received nitrogen and 
carbon dioxide. Such endothelial cells often became rounded up so 
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that they projected into the Jumen of the vessel. Occasionally a 
mitotic figure was visible. There was no evidence, however, that 
any of these cells ever left the vessel wall, became phagocytic, or 
wandered into the adjacent tissues. 

With carbon dioxide, as we have previously stated, all of the tissue 
changes were less striking than they were with the other gases. In 
general the connective tissue was not loose and web-like in char- 
acter, but appeared quite dense. Gas vacuoles were not numerous, 
unless the animal was sacrificed within a very few hours after the 
last injection. Edema was less marked, exudative cells were fewer, 
and the whole reaction to the gas was less pronounced. Polymorpho- 
nuclear neutrophilic Jeukocytes were usually seen in considerable 
numbers, and their presence differentiated the reaction to this gas 
from that to either oxygen or nitrogen. Occasionally, however, 
vacuoles were numerous and large mononuclear cells were present 
in great numbers. 

The connective tissue in the oxygen and nitrogen animals was not 
always of the thin, areolar, proliferating character already de- 
scribed. In many places the tissues were compact and dense. Such 
foci were more common in animals which had received injections of 
gas for a week or longer, and it is thought that they represent true 
scars in which the fibrous tissue which had proliferated about gas 
spaces had become contracted and hyaline. Cell proliferation was 
no longer active. In such areas gas spaces often persisted, but they 
appeared to be quite old. They were separated from each other by 
thick strands of dense connective tissue similar to that just de- 
scribed (Fig. 28) and free cells were less numerous, either within the 
spaces or in the tissues about them. As time went on the dense, 
fibrous walls grew thicker, forming ultimately stiff, hyaline mem- 
branes which separated gas accumulations, as in Fig. 29 from a 
sixty-day nitrogen animal. 

Gas spaces were to be observed almost everywhere in the sub- 
cutaneous tissues of the oxygen and nitrogen animals. These were 
often very small and vacuole-like, but variations from such minute 
spaces up to bubbles which measured 2 to 4 mm. in size were noted. 
When the vacuoles were recent in their formation they contained 
much albuminous material and the tissues about them were thin, 
edematous and areolar in nature, and the borders of the spaces often 
consisted of a brightly red-staining, hyaline membrane which re- 
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sembled the hyaline fragments found within some of the spaces and 
described above. When the vacuoles were older they were sur- 
rounded by dense fibrous strands which were lined with flat cells, as 
in Figs. 28 and 29. Such vacuoles usually contained but little fluid, 
but sometimes there was evidence that much had been present. Oc- 
casionally in the tissue just outside the lining of some of the spaces 
there were irregular masses of a red-staining substance which re- 
sembled that found in abundance in the tissues about the recently 
formed vacuoles. This material often partly or completely sur- 
rounded many of these older gas spaces, forming a more or less con- 
tinuous membrane which resembled the fenestrated elastic lamina 
of the arterial wall, Fig. 27. 

The nature of the deep reddish homogeneous material which was 
found in so many situations could not be determined from a study 
of hematoxylin-eosin preparations alone. Special staining methods 
were therefore employed. With Mallory’s anilin blue stain some of 
this material stained intensely red and in no way resembled col- 
lagen which stains uniformly a bright blue color. In other places, 
however, there was evidence of collagen in some of the red-staining 
masses, but the collagen fibers appeared to be old rather than newly 
formed. They seemed to be undergoing a degenerative change in 
which the fibrils became fused and hyaline. They often had no con- 
nection with the surrounding tissue but lay free in the gas spaces, 
as in Fig. 22. With phosphotungstic acid hematoxylin there was 
again a distinction between the various accumulations of this 
material. Some of it took a deeply purplish tint and stood out 
sharply from the paler, amber-colored surrounding tissue. In other 
places, however, the homogeneous strands tinctorially resembled 
collagen, acquiring a yellowish brown color and appearing in some 
places quite homogeneous while in others it was faintly fibrillar. 

Some of the red-staining material noted in the hematoxylin-eosin 
preparations, therefore, was probably derived from collagenous 
strands which were stretched and distorted by the gases and often 
separated from the tissue. With anilin blue this collagen seemed 
to be degenerating but with phosphotungstic acid hematoxylin 
there was little except its homogeneous nature to differentiate it 
from collagen elsewhere. That collagen was the source of some of 
this fibrin-like material was further evidenced by the fact that when 
these tissues were stained by Verhoeff’s method for the demonstra- 
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tion of elastic fibers, torn, wavy strands of old elastic tissue, usually 
coarse and thick, were found intermingled with the collagen. 

Although in places the homogeneous material which lined the gas 
spaces or the hyaline fragments which were present within them was 
actually derived from preexisting connective tissue, in other places 
such accumulations were composed of fibrin. Sometimes the fibrin 
formed the lining of the spaces especially when they were recent, 
Fig. 26. This lining often resembled the hyaline membrane found 
by Wolbach in the air spaces in emphysematous tissue. Sometimes 
it was present as scattered fragments within the gas spaces. And 
not infrequently it was situated in the tissues just outside the older 
gas spaces, surrounded by newly formed connective tissue which was 
apparently replacing it, Fig. 27. In this latter situation it formed 
the membrane-like Jayer which resembled the elastic lamina of 
arteries. 

Where fibrin was present in the tissues it was occasionally pos- 
sible to demonstrate long, thin fibrils of elastin which showed no 
evidence of rupture. These were in the immediate neighborhood of 
the fibrinous accumulations. They were so delicate, and their re- 
lationship to proliferating connective tissue cells so intimate, that 
it was difficult not to conceive of them as newly formed. But we 
have no other evidence of the actual production of elastin. 

Sometimes, as has been noted, fibrin or altered collagen formed 
the actual lining of gas spaces. This was true when the vacuoles 
were recent or new. At later periods, however, cells grew out and 
covered the hyaline membrane, thus transforming many of the gas 
spaces into cysts lined with endothelial-like cells and often containing 
some fluid. The new lining cells were sometimes large and rounded 
up, especially where the tissues were folded or bent, but more often 
they were flat, Figs. 28 and 29. They appeared first along the 
border of the hyaline material, as can be seen in places in Fig. 26. 
Gradually they grew out to cover it up, ultimately forming a layer 
of cells which was sometimes quite thick, Fig. 27. 

Spaces lined with flat cells were first seen three to four days after 
the beginning of the injections, and as time went on they became 
more numerous. In Fig. 28, from an oxygen animal of eight days, 
and in Fig. 29, from an animal which had had nitrogen injections for 
over two months, portions of such spaces are seen. Morpho- 
logically, the lining cells formed a membrane which resembled an 
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endothelial or serous lining. It was often impossible, however, to 
differentiate the cells from the typical connective tissue cells which 
they simulated closely. Tinctorially they differed slightly, for their 
cytoplasm was stained more deeply blue than was that of the con- 
nective tissue cells, thus exhibiting a slightly more basophilic 
reaction. 

The lining cells are seen under higher magnification in Figs. 32 
and 34. Their endothelial or serosal character is there evident, and 
their active multiplication as lining cells is indicated by the presence 
of mitotic figures. Gas spaces lined by such cells were found with 
great regularity, and in no case was there evidence that the cells 
came from any tissue other than the adjacent connective tissue 
which usually formed a dense wall which grew thicker as time went 
on. The possibility of their origin from endothelium lining minute 
blood vessels or lymphatic spaces in the tissues could not, however, 
be definitely ruled out, even though prolonged search revealed no 
evidence of the outgrowth of endothelial cells. The fact that some 
of the spaces contained fluid may indicate that they were connected 
in some way with the local lymphatics and that the lining cells came 
from lymphatic endothelium. In the supravital preparations there 
was found a peculiar grouping of monocytes about gas vacuoles, 
especially oxygen, occasionally nitrogen. In the fixed tissues such a 
grouping of cells about gas bubbles was also noted. Fig. 25 shows 
a mass of large mononuclear cells about a clear zone which pre- 
sumably contained gas. The structure was found in the tissues of 
an animal which had received oxygen injections over a period of 
six days. It was present in one of the larger gas spaces which con- 
tained considerable fluid as was indicated by the granular precipi- 
tate about it. The radiating character of the cells was less evident 
here than in the living preparations, but the grouping was thought 
to be significant. In Fig. 37 a similar structure is seen. This re- 
sembles more closely those observed in living preparations. 

Structures resembling true tubercles have also been found. In 
one animal which had received daily injections of carbon dioxide for 
three days there were many large mononuclear cells which lined 
some of the gas spaces and which arranged themselves at right angles 
to the wall, much as epithelioid cells do about a tubercle. In another 
place in the same section there was a tubercle-like structure in which 
the radiating character of the cells was most striking. This ac- 
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cumulation of cells was undoubtedly about a vacuole of gas and in 
many ways it resembled the arrangement of cells about gas vacuoles 
in the supravital preparations. In another animal which had been 
injected with oxygen for ten days several small tubercles were seen 
in the tissue. One of these is shown in Fig. 35. 

In a third animal which had received daily injections of oxygen 
for twelve days, a larger nodule was found, Fig. 36. The typical 
cells within this lesion resembled those which were seen in the 
gas spaces described above. Almost without exception they were 
large mononuclear cells which were grouped about a small, clear 
central area adjacent to which was a giant cell. Most of the cells 
were not phagocytic but within a few of them there were small, 
darkly staining granules which are visible in the illustration. There 
was no evidence of gas in the structure, although the minute clear 
zone in the center may represent either the edge of a gas space which 
was above or below the level of the plane of section, or the remains 
of a vacuole from which the gas had been removed by the cells. 

Fig. 38 illustrates the structure which most simulated a tuber- 
culous lesion. It consisted of an elongated space, presumably caused 
by the gas (nitrogen). About the space there was an accumulation 
of large mononuclear and giant cells. The similarity to a tubercle 
was so striking that the isolated lesion might have been easily mis- 
taken for one caused by the tubercle bacillus. The giant cells were 
all of the Langhans type and, with the mononuclear cells, they sur- 
rounded the gas space in the same manner that monocytes surround 
the caseous material of a tubercle. 


DISCUSSION 


By the subcutaneous injection of three gases, oxygen, nitrogen, 
and carbon dioxide, we have been able to bring about the local pro- 
duction of monocytes, modified monocytes, and epithelioid cells. 
Monocytes and modified monocytes were found in great numbers 
at the end of two to four days following the beginning of oxygen and 
nitrogen administration, and they were constantly present after 
that time. Carbon dioxide also stimulated the production of these 
cells, but to a lesser degree than did the other two gases. After three 
or four days epithelioid cells began to appear and were found in in- 
creasing numbers as the period of gas injection was prolonged. 
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Finally giant cells, many of them similar to the Langhans cell of 
the tubercle, were observed, appearing first at the end of about a 
week and becoming more numerous, larger in size and more com- 
plex in structure as time went on. Were it not for the absence of 
tubercle bacilli, it would have been difficult in many cases to de- 
termine that the cells had not come from a tuberculous lesion. 

The reaction reached its height at the end of eight to ten days, for 
at that time the maximum number of cells of all types was found. 
At later periods giant cells were larger and contained more nuclei, 
but the other cells remained about the same in number and in 
character. With oxygen and nitrogen these cells were found almost 
to the exclusion of cells of other types. Polymorphonuclear neutro- 
philic leukocytes and clasmatocytes were only rarely observed. 
With carbon dioxide, however, the total number of cells was less, 
and although monocytes predominated, there were also more 
neutrophilic leukocytes and clasmatocytes than were observed with 
the other gases. 

The presence of monocytes, modified monocytes, epithelioid cells 
and giant cells was determined by studying both tissue scrapings 
and tissue spreads by means of the supravital method for staining 
living cells. In sections of the fixed tissues stained with hematoxy- 
lin and eosin the predominating cells were large mononuclear cells, 
morphologically indistinguishable from the large mononuclear 
leukocytes of the blood. Giant cells were also found. One may 
reasonably assume that such cells in the fixed tissues were the same 
as the monocytes, modified monocytes and epithelioid cells which 
were found in the living preparations. 

The production of great numbers of monocytes, modified mono- 
cytes, and epithelioid cells by the subcutaneous injections of such 
simple irritants as the three gases mentioned above, brings up the 
question of the origin of these cells. Do they arise locally from some 
cell or cells in the connective tissue which under appropriate con- 
ditions can give rise to the monocyte? Or do they come to the sites 
of gaseous infiltration from the blood stream having been formed 
elsewhere in the body? We have reason to believe that the mono- 
cytes, in greater part at least, arise locally. 

Cunningham, Sabin, and Doan ” believe that the monocytes, as 
well as all of the other white cells of the blood, come from a common 
primitive blood cell which itself is derived from the reticular cell. 
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The latter cell they consider to be present in connective tissue every- 
where, although it is most common in the spleen, bone marrow and 
lymph nodes. In their study of the réle of the monocyte in tuber- 
culosis, Cunningham, Sabin, Sugiyama, and Kindwall express the 
belief that the effect of the tubercle bacillus is to cause a local in- 
crease in the number of reticular cells and then definitely to force 
them toward the production of monocytes. In scrapings of con- 
nective tissue septa from a normal lung they were able to find re- 
ticular cells in very small numbers, but in specimens from the lungs 
of tuberculous animals the reticular cells were present in much 
greater numbers and they tended to form monocytes exclusively. 
The increase in the number of reticular cells in tuberculous infec- 
tions and the tendency of these cells in their maturation to form 
monocytes alone, they attributed to some chemical influence affect- 
ing the cells through the surrounding medium, for neither reticular 
cells nor young monocytes were found to contain the organisms. 
This concept they confirmed to some extent by studying the effect 
of injections of various fractions of the tubercle bacillus. 

Mallory,’* on the other hand, makes no distinction between dif- 
ferent types of large mononuclear cells. He classifies them all as 
‘endothelial leukocytes,” and in his opinion they are derived from 
endothelium, either locally or at some distant point. It is these 
“‘endothelial leukocytes” that form the characteristic cells of the 
tubercle, both epithelioid cells and giant cells. 

By others, notably Maximow,'® the monocytes are thought to 
have their origin in a multipotential cell which is present in the con- 
nective tissues. Still others believe that they originate from a fixed 
connective tissue cell. Indeed Carrel and Ebeling,” studying the 
monocyte in tissue culture observed the reverse of the last process, 
for they assert that monocytes, under artificial conditions can be 
transformed into fibroblasts. There is thus a wide variety of opinions 
as to the origin of the monocyte, but as yet there is not enough evi- 
dence to permit of any final decision. 

In the normal connective tissue we may consider the following 
cells or cell types to be present. First, the connective tissue cell 
which is found everywhere: this is the cell commonly called the 
‘‘fibroblast,”’ usually long and spindle-shaped, but not infrequently 
branching or stellate in form. By it collagenous and elastic fibers, 
and fibroglia are considered by some to be formed. Second, the 
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reticular cell, believed by Sabin and her co-workers to be a primitive 
cell which gives rise to the white cells of the blood. Mallory and 
Parker,” on the other hand, do not admit of its separation from the 
“fibroblast,” and they speak of “reticular cell” and “fibroblast” 
as identical. Third, the wandering phagocytic cell, (the ‘‘macro- 
phage” of Evans,” the “‘histiocyte” of Aschoff and Kiyono, the 
“‘clasmatocyte” of Sabin e¢ al., the “endothelial leukocyte” of 
Mallory), classified by Mallory as belonging to the large mononu- 
clear cell group, but separated from the monocyte by Sabin, Doan, 
and Cunningham on the basis of its reaction to supravital dyes. 
And finally, the endothelial cell which forms the lining of blood and 
lymph spaces. By Mallory and his school this cell is considered to 
be the parent cell of the free phagocytic cells. 

In our preparations of the living cells and tissues supravitally 
stained, we were able to see apparent transitions from a fixed con- 
nective tissue cell to the monocyte. The tissue cell appeared to be 
identical with the common connective tissue cell or “fibroblast.” 
The earliest evidences of a change in this cell were: first, the ap- 
pearance of small neutral red bodies within the cytoplasm near the 
nucleus, and second, the tendency on the part of the cell so altered 
to become contracted and rounded up. The vacuoles appeared as 
distinct structures very soon after the preparations were made. 
They were yellowish brown in color and resembled the vacuoles of 
the monocyte. Usually they were grouped near the nucleus, but 
were not infrequently scattered throughout the cytoplasm. When 
the preparations had stood for some time the vacuoles increased in 
number. At a later stage the tendency of the cell to round up be- 
came more pronounced and the neutral red bodies often assumed a 
rosette-like arrangement. In the final stage of the transformation 
the cells gradually became separate entities quite free from the tis- 
sue, each with a single oval or slightly curved nucleus and contain- 
ing a mass of relatively small neutral red vacuoles, usually arranged 
in a rosette and located in the hof of the nucleus. Such cells re- 
sembled the typical monocyte. 

In general such transitional types were found at the edge of a 
mass of connective tissue, and the impression gained was that they 
were in the process of becoming separated from the tissue. This 
condition might have easily existed at the edges of gas spaces, for it 
was within these spaces that such great numbers of monocytes and 
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modified monocytes were found. In preparations of fixed material 
it was also not unusual to find many free cells, apparently from the 
tissues, bordering on gas spaces and even on the verge of becoming 
completely separated. The local transformation of connective tis- 
sue cells into monocytes would explain the presence of the latter 
cells in such great quantities at the sites of injection. 

In Figs. 18 and 19 there are shown cells which we interpret as con- 
nective tissue cells which are undergoing transition into monocytes. 
In the first of the illustrations the cells are seen in the early stage of 
the transformation. In the second illustration, showing a late stage 
of the change, the usual morphology of the tissue cells is entirely 
lacking. The cells are well rounded up, save for thin threads of 
cytoplasm which still connect some of them with the parent tissue. 
Others are entirely free. In some of these cells there is a tendency to 
rosette formation on the part of the neutral red bodies, and in one 
cell which has lost all contact with the tissue the rosette is well 
formed. Morphologically these cells are now almost identical with 
the cells of the exudate. 

From stained histological sections there was also evidence of the 
change from fixed tissue cells to free mononuclears, though one 
could make fewer inferences here than were possible in the supra- 
vital preparations. Almost everywhere about the recently formed 
gas spaces, the connective tissue cells were proliferating in great 
profusion. The stimuli for such widespread proliferation may be, 
first, the destruction or death of connective tissue cells which have 
been injured mechanically; and second, the presence of fibrin which 
has not been removed by the cells of the exudate. That destruction 
of connective tissue cells took place is evident in the sections, and 
much of the proliferative activity on the part of uninjured cells can 
be ascribed to the process of regeneration. Fibrin was also present 
here and there in the sections, but it was never found in large quanti- 
ties, and certainly could not account for the tremendous activity of 
the connective tissue cells which were far removed from it. On the 
other hand, cell proliferation was constantly very active in the tis- 
sues at the edges of the gas spaces. Here it was not infrequently 
noted that large mononuclear cells accumulated, and it is not un- 
reasonable to assume that such cells actually originated in those 
situations. Were it not for the further evidence brought out in the 
supravital preparations, however, it would be impossible to make 
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such an assertion. We feel that the weight of evidence in our mate- 
rial, both living and fixed, indicates the local formation of the mono- 
cytes and suggests strongly the possibility of their formation, in 
part at least, from some type of fixed connective tissue cell. 

The reticular cell as defined by Sabin, Cunningham, and their 
co-workers was not recognized in the supravital preparations. Ap- 
parently, unlike the tubercle bacillus the gases introduced did not 
produce a great initial increase in these cells. This lends further 
support to the view that the cells arising locally sprang from some 
other type of parent cell. In our opinion, as already stated, this 
other cell is the connective tissue cell itself. In fixed histological 
sections the reticular cell could not be identified. 

In the experiments reported here there was no evidence that 
monocytes, as such, originated from the wandering phagocytic cell, 
or “‘clasmatocyte,” of the connective tissues. The latter cell was 
readily recognized, although it appeared but rarely, and in none of 
the preparations was there any evidence of transitions from one type 
to the other. 

The endothelial cell likewise seemed to play no part in the forma- 
tion of the monocytes. Occasionally, especially in animals which 
had received oxygen, these cells showed evidence of proliferative 
activity, and they were often rounded up so that they projected into 
the lumen of the vessel. But no evidence was found that they be- 
came separated from the vessel wall or wandered into the tissues. 
Apparently their multiplication was brought about by injury to the 
vessel wall, and their activity was wholly regenerative in nature. 
Rarely, in regions where there was active connective tissue proli- 
feration about masses of fibrin they were also found in the process 
of division. Even in these situations there was no evidence that 
they became transformed into free cells. 

In our experiments the only irritants used were simple gases. 
Their action was to cause not only the production of great quantities 
of monocytes, but also in some way to cause them to undergo certain 
changes which resulted in the formation of epithelioid cells and epi- 
thelioid giant cells. The nature of these changes is not clear, nor are 
we as yet able to say that epithelioid cells can not be derived from 
some other cell type as, for example, the clasmatocyte. But we do 
feel that the large number of transition forms between monocytes 
and epithelioid cells which have been found indicates that, in our 
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preparations at least, the former cells were the most important 
source of the latter. The changes which took place during the pro- 
cess of transition have been described. It has been indicated that 
the epithelioid cells were large, contained dust-like neutral red 
bodies, and were often multinucleate. 

The cause for the transition from monocyte to epithelioid cell or 
epithelioid giant cell is not easy to determine. That the transition 
occurs we feel certain. Such a change might be the result of a stimu- 
lus which acted either from the outside or from the inside of the cell, 
such as the chemical alteration of the medium about the cell or the 
presence within its cytoplasm of some substance or substances taken 
up by it. In this connection it is interesting to note that carbon 
dioxide, which disappears most rapidly from the tissues, is the gas 
which is least active in producing the characteristic changes de- 
scribed. Nitrogen, on the other hand, which remains longest in the 
tissues is the most potent of the three gases in the production of 
epithelioid cells. Oxygen, both in its rate of removal and in its 
power to produce epithelioid cells lies between carbon dioxide and 
nitrogen. It must be borne in mind, however, that nitrogen is highly 
soluble in lipoidal substances and that its effect in producing epi- 
thelioid cells may bear some relation to this property. We have no 
evidence either for or against such a possibility. On the basis of our 
observations, however, we feel justified in saying that since all 
three gases are capable of producing epithelioid cells, since their 
potency in the production of these cells varies approximately in 
inverse ratio to the rate at which they are removed from the tissue, 
since they are all normally present in living cells, and since they are 
in no way related physically or chemically to each other, our evi- 
dence favors the view that the activity of these gases in causing the 
transformation of monocytes into epithelioid cells is not dependent 
upon their gaining access to the interior of the cells. 

The fact that oxygen, nitrogen, and carbon dioxide are all ef- 
fective even if in different degree, in the production of monocytes 
and epithelioid cells, indicates that these cells are not the result of a 
special type of irritant. The gases are elemental, or almost so, and 
although the number of cells and the amount of change in the cells 
differ quantitatively from the reaction in tuberculosis, the difference 
is one only of degree and not one of character. If the work of 
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Campbell, McIver, Redfield and Benedict, and others, be con- 
sidered then we must feel that the non-specific character of the 
reaction is quite definite, for these investigators have shown that 
when any of the above-named gases are injected into the sub- 
cutaneous tissues or into a natural cavity they remain but a short 
time before they contain, mixed with them, other gases which have 
come by diffusion from the blood. Thus the reaction observed in 
our experiments is not one which came as a response to a single pure 
gas, but to a gaseous mixture which varied in each animal. 
Wolbach, in his brief description of the air spaces in emphyse- 
matous mediastinal tissues, mentions a thin, fibrinous membrane 
which lined the spaces. This membrane resembled that which he 
found lining many of the alveoli and alveolar ducts in the lungs of 
patients who had died of pneumonia following influenza. There is 
no description of a cellular exudate in the emphysematous spaces or 
in the tissues about them. In fixed preparations from our animals 
we frequently found in sections stained with hematoxylin and eosin 
various deposits of an intensely red-staining, hyaline, fibrin-like 
substance. This material was found in various situations. Often it 
appeared as fragments in the gas spaces. Occasionally it lined the 
spaces, forming a thin, flat membrane similar to that described by 
Wolbach. Frequently it was incorporated in the tissues about the 
gas spaces. The nature of this substance could not be determined in 
preparations stained by the routine method, and various special 
stains were employed. It was then found that the hyaline material 
stained sometimes like fibrin, sometimes like collagen. A double 
origin was therefore indicated, some coming from the tissue fluids 
under conditions which could readily result in the formation of 
fibrin, and some coming from collagen fibers which had degenerated 
and formed fused, hyaline strands. The isolated fragments which 
were present in the gas spaces stained as often like fibrin as they did 
like collagen. The thin, lining membranes also gave the two reac- 
tions, though in the majority of cases they gave the reaction for 
fibrin. Not infrequently it was possible to see flat or spindle-shaped 
cells growing out along the borders of such fibrinous membranes. 
These cells gradually surrounded the fibrinous layer so that in 
later stages the fibrin was isolated as a sort of hyaline membrane 
surrounding, or partly surrounding, the gas spaces but removed 
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from them by a thin layer of newly formed tissue. This was the 
lamella-like structure which was thought to resemble the fenestrated 
elastic coat of an artery. 

By means of Verhoeff’s stain for elastic tissue it was shown that 
wherever old collagen was present it was not unusual to find con- 
siderable numbers of torn or frayed elastic fibers which stood out 
sharply from the surrounding tissue. Unquestionably these strands 
resulted from the rupture of preéxisting elastic fibers, for they were 
coarse and thick. Where the tissue cells were proliferating about 
masses of fibrin, however, long, thin, delicate strands of elastin were 
often seen in the new tissue. These differed markedly from the 
coarse, wrinkled, wavy fragments found in the older tissue and de- 
scribed above. They appeared to be newly formed, a definite part of 
the new tissue in which they were present. It is possible that under 
the conditions of unusual tension due to the continued presence of 
gas, the connective tissue cells may be stimulated to produce elastin. 
Definite proof of the new formation of elastic tissue cannot be given 
here, but the findings strongly suggest such a possibility. 

When the gas spaces had existed for a considerable period of time, 
as for example, six days or longer, their walls became dense and 
fibrous, and were lined with flat, mesothelial-like cells which formed 
a continuous membrane about the individual spaces. The origin of 
these cells presented a difficult problem. Connective tissue, as far 
as we know, does not usually form the lining of a normal space, ex- 
cept, according to Mallory,” on the inner surface of the dura where, 
in his opinion, the so-called “dural endothelium” consists of a layer 
of flat connective tissue cells. Clarke,24 however, believes that a 
flat, mesothelial-like lining may be formed by connective tissue cells 
about accidental spaces caused by introducing solid foreign bodies 
(celloidin, paraffin) into the tissues. He holds also that flat cells 
lining serous surfaces or blood vessels ‘“‘may regenerate from deep 
connective tissue cells and do not necessarily arise from adjacent 
intact mesothelial or endothelial cells.” 

In the subcutaneous tissues of our animals the only fixed tissue 
cells available to form a lining to the gas spaces were endothelial 
cells from the neighboring blood and lymph vessels, or the con- 
nective tissue cells themselves. In sections of the fixed tissues it 
was possible only to identify the lining layer as such, for little could 
be determined about the type of the individual cells. The only 
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recognizable difference between the lining cells and the connective 
tissue cells that lay beneath them was that the cytoplasm of the 
former was more basophilic than that of the connective tissue cells. 
It was not possible to demonstrate the formation of collagen or 
elastin about such lining cells as were studied in specially stained 
preparations. 

Many attempts were made to discover outgrowths of endothelial 
cells to form the space lining, but nothing to suggest an endothelial 
origin was found in the sections. Occasionally red blood cells were 
seen in the gas spaces which were lined with the flat, cellular mem- 
brane, but since these could have come in as a result of hemorrhage 
at the time of autopsy, their presence did not help to prove the 
endothelial character of the lining. Certainly there was no evidence 
that blood was circulating within the spaces. Fluid, however, was 
sometimes present, as indicated by a granular precipitate. This 
might favor the view that such cavities had become lined with 
endothelium from lymph channels and were therefore a part of the 
lymphatic system. We have no other evidence, however, in favor of 
this concept. That these lining cells came from the various cells of 
the exudate does not seem probable because of the difference in 
their reactions to neutral red. For the moment the nature of the 
cells which lined these older gas spaces must be left undetermined. 
The evidence that they may have originated from connective tissue 
cells, especially in the light of Clarke’s observations, can not be 
cast aside. 

Since these studies were carried out in conjunction with work 
now going on in various centers on the tissue and cellular reactions in 
tuberculosis, it is important to relate the findings in our experiments 
to those found in studying the disease itself. By the simple subcu- 
taneous injection of various gases we have produced in large numbers 
the cells characteristic of this disease. At the very earliest periods, 
twenty-four to forty-eight hours, polymorphonuclear neutrophilic 
leukocytes were found in considerable numbers. These may be con- 
sidered as coming out in response to the primary mechanical injury, 
for after forty-eight hours they were practically absent, except in 
animals which had received carbon dioxide. Their presence in such 
numbers following injections of this gas must bear some relation to 
the gas itself or to its effect on the tissue cells. With the other gases, 
however, the cellular response was almost entirely a monocytic one, 
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and as the time of exposure to the gases became longer these cells 
underwent changes similar to those which are known to occur in 
true tubercle. The reaction to the gases was found to differ only in 
degree from that which characterizes tuberculosis. 

Not infrequently structures which resembled the anatomical 
tubercle in form were observed. In the supravital preparations, for 
example, accumulations of modified monocytes were seen about 
small vacuoles of gas. Two such masses are shown in Figs. 16 and 
17. These structures exhibited a radiating collection of cells which 
extended pseudopodial processes toward the edge of the vacuole, 
thus simulating to some degree the form of the tubercle. The gas 
vacuole occupied a place comparable to that occupied by necrotic 
or caseous material in the tubercle. These structures were appar- 
ently free in the fluid which was present in most of the gas spaces. 
They were not a part of the tissue. 

In histological sections from some of the animals accumulations 
of cells similar to those noted above were sometimes seen, as in 
Figs. 25 and 37, but they were not numerous. On the other hand, 
deep within the tissues themselves there were many lesions which 
approached the tubercle in their histological structure. Such lesions 
are seen in Figs. 35, 36, and 38. The first is quite small and indefi- 
nite, but suggestive. The second contained no gas but consisted of 
an accumulation of large mononuclear cells and one giant cell which 
resembled those found in the gas spaces. In our opinion this cel- 
lular structure probably formed about a gas vacuole. The gas had 
either been removed before the time of death of the animal, or the 
accumulation of cells represented a tangential section through the 
edge of a vacuole. Fig. 38 shows a structure which resembles still 
more closely the lesion of tuberculosis. Epithelioid-like cells could 
be recognized; and giant cells, almost all of the Langhans type, 
were present. The relationship of this lesion to a gas space was 
evident. Lesions such as these found in the affected tissues indi- 
cate that the gases injected, in addition to producing cells which 
supravitally stained resemble those of tuberculosis, are also capable 
of bringing about tissue changes which histologically resemble the 
anatomical tubercle. 
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SUMMARY AND CONCLUSIONS 


1. By the subcutaneous injections of oxygen, nitrogen, and car- 
bon dioxide there have been produced large numbers of monocytes, 
modified monocytes, epithelioid cells, and epithelioid giant cells 
which resemble those of tuberculosis as seen in supravital prepara- 
tions. 

2. The causes for this reaction are non-specific. 

3. Monocytes are considered to arise locally, originating from 
some type of fixed connective tissue cell. 

4. Epithelioid cells and epithelioid giant cells appear in these 
experiments to arise almost entirely from monocytes, the cause of 
the transformation being evidently due to some chemical change in 
the medium about the cell. 

5. Histological structures resembling true tubercles have been 
found in considerable numbers. 

6. Fibrin is present in the gas spaces, often forming a thin mem- 
branous lining. 

7. The new formation of elastic tissue is suggested about gas 
spaces where tissue cells are under tension. 

8. Spaces lined with flat, mesothelial-like cells and containing 


both gas and fluid are found after six or eight days. The lining 
cells are thought to originate from connective tissue cells, although 
endothelium can not be ruled out as a source. 
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DESCRIPTION OF PLATES 


Figs. 1 to 21 are drawings made from living cells stained with neutral red. 
The red vacuoles are shown in black and the occasional fat globules are shown 
as circles. The cells shown in Figs. 1 to 9 were found in the exudates of animals 
which had received gas injections for a period of four or more days and are 
characteristic of the cells found in such animals. They were fewer in number 
following carbon dioxide than after the administration of oxygen or nitrogen. 

Figs. 22 to 40 are photomicrographs made from sections of tissue removed at 
autopsy and prepared in the usual manner. 


PLaTE 18 


Fic. 1. Modified monocyte from subcutaneous tissues of guinea pig which had 
received daily injections of oxygen for four days. Note small granules of 
neutral red grouped in rosette formation. A few fat droplets are present. 


Fic. 2. Modified monocyte of large size from a four-day oxygen animal. The 
rosette is formed by very small granules of neutral red. 


Fic. 3. Binucleate modified monocyte from a four-day oxygen animal. The 
neutral red bodies are larger than in the preceding cells. 


Fic. 4. Large modified monocyte which borders on epithelioid type. From an 
oxygen animal of four days. Neutral red vacuoles are very small and 
are more numerous than in the other cells. 


Fics. 5-9, incl. Group of five modified monocytes from a four-day oxygen 
animal. One cell has three nuclei and a small mass of foreign material. 


Fic. 10. Large, binucleate, early epithelioid cell from a seven-day oxygen 
animal. The neutral red vacuoles are small, granular, and quite regular 
in size. Two distinct rosettes are present. A number of fat vacuoles 
are scattered in the peripheral cytoplasm. 


Fic. 11. Large epithelioid giant cell from a fourteen-day nitrogen animal. 
This cell is characteristic of the majority of epithelioid giant cells found 
after the injection of oxygen and nitrogen. It was not commonly seen fol- 
lowing carbon dioxide administration. Note the great mass of dust-like 
neutral red granules in the center of the cell. Fat vacuoles are present 
in small numbers. 
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Fic. 12. Multinucleate epithelioid cell from a ten-day nitrogen animal. 


Fic. 13. Binucleate epithelioid cell from a four-day nitrogen animal. 


Fic. 14. Large, multinucleate epithelioid cell apparently in the process of 
direct division. Note fine neutral red granules and their distribution not 
only in the individual cells but also in the long strand of cytoplasm which 
connects them. 


Fic. 15. Large cell from twelve-day carbon dioxide animal. This cell con- 
tains, in addition to many fine, brownish red granules which resemble 
those of the monocyte, still larger masses which stained with varying 
shades of red. Some of the latter were pale pink in color, others bright red. 
Such cells were quite common following carbon dioxide injections but were 
not seen in preparations from oxygen and nitrogen animals. This cell is 


apparently of monocytic origin. 
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Fic. 


Fic. 


Fic. 


.19. A later stage in the transformation of fixed tissue cells into monocytes. 


Fic. 


Fic. 21. Monocyte dividing by direct division. Daughter cells contain distinct 
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16. Small bubble of gas (oxygen) surrounded by three modified mono- 
cytes which extended sucker-like processes of cytoplasm to be applied to 
the edge of the vacuole. The cells contain neutral red rosettes and small 
granules of neutral red are seen in the cytoplasmic processes. A few fat 
droplets are also seen in each cell. 


17. Alarger bubble of oxygen from the same preparation as the preceding, 
showing many modified monocytes arranged in radiating fashion about the 
vacuole. Both of these structures occurred in animals which had received 
oxygen for seven days. In its form this structure suggests the arrange- 
ment of epithelioid cells about the periphery of a tubercle. 


18. A group of connective tissue cells which show the early stage of the 
transformation of these cells into monocytes. The cells have more cyto- 
plasm than normal and considerable numbers of small neutral red vacuoles 
are present. There is also a tendency on the part of the affected cells to 
become wider than usual. Many of them are still connected with adjacent 
cells by thin strands of cytoplasm. Two monocytes are present between 


the cells. 


Here the cells are well rounded up and are connected with the tissue by 
single strands of cytoplasm. The neutral red vacuoles appear smaller than 
in the previous preparation and a tendency to rosette formation is noted. 
Several of the cells have become completely detached and in one of them 
there is a distinct rosette. Two typical modified monocytes are also present. 


20. Two large epithelioid cells from a four-day nitrogen animal. These 
were found in a tissue spread. Fine granulation of the neutral red material 
is noted and rosette formation is distinct. The lower cell has two nuclei. 


rosettes. Fat droplets are present in the cytoplasm. Complete separation 
of the cells has not occurred. 
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Fic. 22. Photomicrograph of a gas space in an animal which had received 
oxygen injections for twelve days. Note the many cells, the albuminous 
granules, and the fragments of tissue which in places is becoming hyalin- 
ized. Phosphotungstic acid hematoxylin stain. x 150. 


Fic. 23. Photomicrograph of cells from same animal as above. All the cells 
are large mononuclears, resembling the large mononuclear leukocytes of 
the blood. These cells are undoubtedly the same as the monocytes and 
modified monocytes found in supravital preparations. Phosphotungstic 
acid hematoxylin stain. x 1350. 
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Fic. 24. Photomicrograph from animal which had received oxygen for twelve 
days; to show typical appearance of newly formed gas spaces. Note groups 
of cells within the spaces and the evidence of fluid. The edges of the spaces 
are lined with thin strands of fibrin. The surrounding connective tissues 
are thin and edematous and there is active proliferation of tissue cells. 
Hematoxylin and eosin stain. x 60. 


25. Photomicrograph of a group of large mononuclear cells about a clear 
space (gas). This group was found in a large gas space of an animal which 
had received oxygen for six days. There are many albuminous granules 
about the structure, indicating abundant fluid. The structure resembles 
those found in the supravital preparations, Figs. 16 and 17. See also Fig. 
37, a higher magnification of a similar, but smaller, structure. Hematoxylin 


and eosin stain. x 480. 


Fic. 


Fic. 26. Photomicrograph of the edge of a recently formed gas space to show 
the thin lining membrane of fibrin which was not infrequently found in these 
situations. The fibrin is closely adherent to the tissues and in the lower 
part of the illustration it blends imperceptibly into strands of old col- 
lagen. Note the edematous condition of the spaces and the tissues sur- 
rounding them. Phosphotungstic acid hematoxylin stain. x 310. 


Fic. 27. Photomicrograph of thin, homogeneous layers of fibrin becoming in- 
corporated into the tissues about a gas space. Here the fibrin is quite old 
and hyaline. About it connective tissue cells have proliferated separating 

it completely from the space. Such wavy strands of fibrin resemble the 

elastic coat of anartery. Phosphotungstic acid hematoxylin stain. x 150. 
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Fic. 28. Photomicrograph of strands of connective tissue separating old and 
compressed gas spaces. Note how the tissue is becoming thick and dense. 
Cell proliferation has practically ceased. Note also the layer of flat or 
somewhat spindle-shaped cells which form the lining membrane of the 
gas spaces. In places these cells or others just beneath them are in the 
process of indirect division. These cells are thought to originate from the 
underlying connective tissue cells. Hematoxylin and eosin stain. x 310. 


. 29. Photomicrograph of a portion of a strand of connective tissue separat- 
ing old gas spaces in an animal which had received nitrogen injections for a 
period of two months. Note the greatly increased thickness of the fibrous 
wall, the dense, hyaline character of the connective tissue and the absence 
of exudative cells. The flat cells which line the gas spaces resemble those 
in the preceding figure although they are less regular. Mitotic figures 
were not infrequently found in these cells. Hematoxylin and eosin stain. 

X 310. 
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Fic. 30. Photomicrograph of a large giant cell of Langhans type at edge of a 
gas space. From an animal which had received nitrogen injections for 
eight days. The nuclei are arranged in the part of the cell which is farthest 
removed from the gas space and a cytoplasmic process projects toward 
the gas vacuole. Hematoxylin and eosin stain. x 480. 


31. Photomicrograph of a giant cell at the border of a gas space, from an 
eight-day nitrogen animal. This cell, though flattened, resembled the 
Langhans type of cell. Hematoxylin and eosin stain. x 480. 


. 32. Photomicrograph of a mitotic figure in one of the flat or spindle-shaped 
cells which form the lining of an older gas space. Hematoxylin and eosin 
stain. xX IIO0O. 


. 33. Photomicrograph of a large cell at edge of gas space, showing triple 
mitosis. This suggests that some of the multinucleate or giant cells might 
have been formed as a result of such abnormal types of cell division. 
Hematoxylin and eosin stain. x I100. 


Fic. 34. Photomicrograph of flat lining of older gas space, showing one cell in 


process of indirect division. Hematoxylin and eosin stain. x 1100. 
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Fic. 35. Photomicrograph of a tubercle-like structure consisting of an ac- 
cumulation of large mononuclear cells in connective tissue between muscle 
fibers. The lesion appears to have formed about a gas vacuole, the re- 
mains of which may still be seen. Two or three giant cells are present. 
From an animal which had received oxygen injections for ten days. 
Hematoxylin and eosin stain. x 480. 


. 36. Photomicrograph of a small, round, tubercle-like nodule consisting of 
an accumulation of large mononuclear cells and a single giant cell. Some 
of the cells contain phagocytized material. The clear zone in the center 
suggests that the lesion developed about a gas space. The distribution of 
the cells suggests an “onion-layered” arrangement. Hematoxylin and 
eosin stain. x 480. 


. 37. Photomicrograph of an accumulation of large mononuclear cells about 
a gas vacuole. From a twelve-day oxygen animal. This, like Fig. 25, re- 
sembles the arrangement about gas vacuoles noted in the supravital pre- 
parations. Some of the cells in this illustration appear to radiate from the 
gas space. Phosphotungstic acid hematoxylin stain. x 1350. 


. 38. Photomicrograph of a lesion which closely resembles a tuberculous 
process. Here there is an accumulation of large mononuclear and giant 

cells about a gasspace. From an eight-day nitrogen animal. Note the 
numerous giant cells and the resemblance of many of them to the typical 
giant cells of true tubercle. Phosphotungstic acid hematoxylin stain. 
150. 
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Fic. 39. Photomicrograph of a large giant cell in the tissues at the edge of a 
gas space from a ten-day oxygen animal. More than forty nuclei were 
counted in this cell. It is one of the largest observed in any of the pre- 
parations. Note the arrangement of the nuclei about a clear space. This 
resembles the central region in many of the epithelioid giant cells observed 
in the supravital preparations. In the latter cells the central zone usually 
contained countless numbers of dust-like neutral red bodies. Hematoxylin 
and eosin stain. x 1100. 


. 40. Photomicrograph of a group of large giant cells found in a gas space 
from an animal which received nitrogen for a period of two months. Each 
cell contains many nuclei. Hematoxylin and eosin stain. x 630. 
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FURTHER NOTES ON THE CEREBELLAR MEDULLOBLASTOMAS * 
THE EFFECT OF ROENTGEN RADIATION 


PercivaL Barter, M.D., Pa.D. 
(From the Surgical Clinic of the Peter Bent Brigham Hospital, Boston, Mass.) 


In 1925 I isolated, and described with Harvey Cushing,’ a com- 
mon type of midcerebellar glioma of childhood of which I found 
twenty-nine examples in Dr. Cushing’s? collection. These tumors 
were very cellular, consistently rapid in evolution, and were situated 
almost invariably in the central part of the cerebellum just over the 
fourth ventricle. Tumors of similar type have since been recognized 
and reported by Olivecrona and Lysholm * and others, and I have 
observed thirty-four new cases up to June 1929. 

These midcerebellar medulloblastomas are composed for the most 
part of carrot-shaped cells with delicate cytoplasmic extensions 
which form, among the nuclei, clear spaces known as pseudoro- 
settes or ball-like spaces (Markballen), Wright. Spongioblasts are 
numerous and I was inclined to call the tumors spongioblastoma 
indi fferentiale until I found that the neoplastic cells apparently dif- 
ferentiated also into neuroblasts, whereupon I coined the term 
medulloblastoma. This term indicates that the cells represent an 
embryonic stage earlier than either the spongioblast or neuroblast, 
a stage corresponding to the indifferente Zellen of Shaper, or medul- 
loblasts as I prefer to call them. Neuroblasts had previously been 
identified in what appear to have been tumors of this type by 
Vanzetti,®> and by Masson and Dreyfus.® 

Experience with the surgical removal of these growths prior to 
1925 had been very disappointing but was later more successful, and 
Bailey and Cushing’ were led to express themselves more hopefully 
concerning their prognosis. They said in 1926 that they had had 
“fone or two apparently successful extirpations ...so that under 
favorable circumstances, in spite of its desperate situation, a more 
radical attempt at extirpation than has commonly been made in the 
past may be justifiable.” 


* Received for publication October 4, 1929. 
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It was noted also that the medulloblastomas were very sensitive 
to radiation and subsequent experience has been consistently favor- 
able as described by Bailey, Sosman, and van Dessel.* Similar re- 
sults have been obtained by Olivecrona and Lysholm. Yet in spite 
of a radical surgical extirpation followed by subsequent radiation, a 
recurrence of symptoms with ultimate fatality has been the invari- 
able rule. It is with the end-results in some of these more thoroughly 
treated cases that I wish to deal in this communication. The record 
of the first patient will be given briefly since it has already been re- 
corded by Bailey, Sosman, and van Dessel (Case 4). 


CASE 1. Clinical History: (Surg. No. 13981) J. H., aged 6 years, was ad- 
mitted Feb. 9, 1921, referred by Dr. E. Koplik of New York City. He had a 
typical syndrome of a central cerebellar tumor and a suboccipital operation was 
performed Feb. 14, 1921, during which only the inferior portion of the tumor, 
which projected downward into the spinal canal, was removed. He was then 
given roentgen treatments with such a prompt and thorough improvement that 
treatment was stopped in May 1921, after only four treatments, and he re- 
mained well until March 1925. 

When he was readmitted (Surg. No. 23390) on March 10, 1925, he had so 
few symptoms that it was decided to give him another roentgen treatment and 
let him go home. The treatment was given March 23rd. It was followed by 
vomiting, and gradually developing coma, so that by 5 A.M. March 24th, he 
was unconscious. An immediate suboccipital operation was performed. The 
bone had completely reformed over the cerebellar region. A soft, centrally 
placed tumor was found which was apparently removed in toto. He recovered 
promptly. The removal had been so complete that no roentgen treatment was 
advised. 

His symptoms returned in September of the same ye.r and he was readmitted 
(Surg. No. 25444) on Dec. 24, 1925, with bilateral choked discs and marked 
symptoms of cerebellar involvement. On Jan. 4, 1926 the suboccipital region 
was again explored. The whole right cerebellar fossa was filled with soft neo- 
plastic tissue in which was a large cystic cavity. Because of his poor general 
condition an extirpation was not attempted until January 15th. It was not 
successful because of involvement of the bulbar nerves in the tumor. He was 
discharged February 16th, and died on May 31, 1926. 


Comment: It was concerning this patient that Bailey and Cush- 
ing’ expressed themselves so optimistically in 1926 following his 
second operation. In fact they were so confident that a complete 
extirpation had been accomplished that no postoperative radiation 
was advised, undoubtedly an error in judgment in view of the sub- 
sequent clinical course. That roentgen therapy is able to prevent a 
local recurrence for long periods of time is proved, among others, 
by the following case. 
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CASE 2. Clinical History: (Surg. No. 30085) D. M., aged 5 years, was ad- 
mitted Nov. 12, 1927, referred from the Children’s Hospital, and complaining 
of dizziness and vomiting. 

In August 1927, the child began to vomit without nausea, usually in the 
morning. In October he complained of dizziness and staggered when walking. 
Two weeks later his vision failed and he complained from time to time of pain 
in the back of his head. 

He was admitted to the Children’s Hospital where a suboccipital operation 
was performed by Dr. Horrax on November 7th. A midline cerebellar tumor 
was disclosed but no attempt was made to remove it because of the child’s 
general feeble condition. 

When admitted to the Peter Bent Brigham Hospital there was present marked 
hypotonicity of all the extremities with incodrdination predominating in the 
legs, left internal strabismus, nystagmus on looking to right and left, and reced- 
ing choked discs. 

On Nov. 15, 1927, the suboccipital region was again opened, and a fairly 
complete extirpation was made of a typical medulloblastoma of the central 
cerebellar region, opening widely the fourth ventricle. A fringe of tumor was 
left on the left margin of the ventricle. 

There was a slight postoperative hyperthermia after which the child recovered 
promptly and was discharged Dec. 11, 1927. At this time he was relieved of all 
subjective symptoms but was so incoérdinate as to be unable to walk alone. 

Microscopic examination of the tumor removed showed the typical structure 
of a medulloblastoma with numerous pseudorosettes (Fig. 1a). No neuroblasts 
were identified by Cajal’s reduced-silver method. He was therefore given X- 
ray treatments as follows: Dec. 5, 1927, cerebellar area; Dec. 8, 1927, cerebellar 
area; Jan. 18, 1928, cerebellar area, cervical and upper dorsal spine; Jan. 25, 
1928, lower dorsal and lumbar spine; Feb. 1, 1928, cerebellar area and upper 
dorsal spine; Feb. 8, 1928, lower spine; April 23, 1928, cerebellar area, cervical 
and upper dorsal spine; April 26, 1928, cerebellar area, cervical and upper 
dorsal spine; April 30, 1928, lumbar spine; May 6, 1928, lumbar spine. A target 
distance of 40 cm. was used, 4 ma., 182 kv., $ cu. and 1 al. filter, 30 minutes 
exposure, except for the treatments of April 26th, and May 6th when only 20 
minutes were given. These treatments were followed by nausea and vomiting 
for two or three days. 

He was examined on Jan. 18, 1928. The fundi showed marked secondary 
atrophy without choking. There was a slight left abducens palsy and slight 
nystagmus. The suboccipital region was not bulging. He walked alone but 
with a broad base. There had been no headaches nor vomiting. On February 
15th his mother reported that he had been vomiting since his last treatment. 
He was much more unsteady in walking and the suboccipital region was full but 
not particularly tense. By April 11th he was having frequent headaches and 
vomiting and the suboccipital region was quite tense. Since the subsequent 
radiation produced no improvement he was readmitted to the hospital. 

Second Admission: (Surg. No. 31181) At this time he was very incoérdinate 
although still able to walk alone. There was a marked nystagmus and a sug- 
gestive Babinski-response on the left side. The suboccipital region was bulging 
but there was no choking of the optic discs. He was much emaciated and on the 
ward became increasingly apathetic. These symptoms, together with the head- 
aches and vomiting, indicated a local recurrence for which an exploration was 
advised. 


| 
{ 
‘ 
‘ 
\4 
} 
i 
} 
| 
| 


128 BAILEY 


Operation: The operation was performed on May 7th, and disclosed an 
enormously dilated fourth ventricle filled with clear cerebrospinal fluid. The 
iter was widely distended and in its depths could be seen the posterior com- 
missure. The whole cavity formed a great cyst completely closed, except for the 
iter, by a smooth, glistening wall. On the left side of the ventricle, where tumor 
had been left at the previous operation, was a flat yellowish gray nodule about 
half a centimeter in diameter. This nodule was removed. High up on the right 
side was another small mass of tumor which was destroyed by the electric 
cautery. The cyst wall could not be separated from the dura so as to allow ac- 
cess to the peripontine region. 

The child was quite well until May 17th when he suddenly developed a 
hyperthermia. Repeated lumbar punctures, punctures of the fourth ventricle 
and of the lateral cerebral ventricles tided him over this period, but he sub- 
sequently declined and died Aug. 8, 1928. 


Microscopic Structure of the Tumor: The neoplastic tissue re- 
moved at the first operation, as previously mentioned, showed the 
typical structure of a medulloblastoma, being composed of small 
cells with scanty delicate cytoplasm elongated at one extremity. 
The open spaces formed by the cytoplasmic extensions were very 
prominent (Fig. 1) including numerous pseudorosettes. Spongio- 
blasts could be identified but no neuroblasts. Mitotic figures were 
numerous and almost invariably quite normal. 

The fragment of tumor removed at the second operation differed 
widely in structure. The pseudorosettes were absent. Innumerable 
giant cells containing a dozen or more nuclei were seen everywhere 
(Fig. 1b). Mitoses were frequent, but rarely normal (Fig. 2). The 
tissue was greatly degenerated and contained much fat. 

Comment: It is evident that the growth of the tumor in this case 
had been effectively checked by the radiation, the symptoms having 
been due to block of the circulation of cerebrospinal fluid by the 
cerebellum which was plastered everywhere to the wall of the sub- 
tentorial cavity in such a way that the obstruction could not be 
relieved at operation. 

In several other cases there have been no signs of a local recur- 
rence in the region of the cerebellum after a period of several 
months, but the patients have died from extension of the tumor else- 
where. It was for this reason that radiation was given to this patient 
over the entire spinal canal, in the hope that a possible intraspinal 
extension might be killed before it began to develop. 

In the following two cases such an extension occurred and was 
subsequently treated by the roentgen rays with transitory improve- 
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ment. The condition of the spinal tumor when removed at autopsy 
was most interesting. The histories of these two patients have also 
been given by Bailey, Sosman, and van Dessel * (Cases 11 and 12), 
and were mentioned also by Cushing ? (Cases 6 and 10). 


CASE 3. Clinical History: (Surg. No. 23932) F.T., aged 11 years, was ad- 
mitted on May 15, 1925, referred by Dr. V. A. Reed, of Lawrence, Mass., com- 
plaining of headaches and vomiting. The clinical history and findings were 
typical of a midcerebellar tumor and he was operated upon May 2oth. The 
tumor, which weighed 31 gm. and projected downward through the foramen 
magnum, was removed fairly intact in one large mass. He recovered promptly 
and was given roentgen treatments over the cerebellum only, on June 12, 
July 16, Aug. 7, Aug. 28, Sept. 18, and Oct. 9, 1925, a full suberythema dose at 
each session. 

When examined Dec. 28, 1925, he was perfectly well. There were no signs 
of cerebellar disturbance. He had been playing football and other games as 
though he had never been ill. 

On October 12, 1926, he returned for examination because of pain in the chest 
and was readmitted to the hospital (Surg. No. 27429). There were no symptoms 
of disturbance in the cerebellar region, but there was definite loss of temperature- 
sense and hypoalgesia of the right side below the level of the third thoracic 
segment. The left leg was spastic, with exaggerated tendon-reflexes, clonus, 
defense-reflex and Babinski-response. The gait was very spastic and hemi- 
plegic. There was occasional incontinence of urine. He was given a full sub- 
erythema dose of roentgen rays over the cerebellar, cervical and upper dorsal 
regions on November 4th. Other similar treatments were given Nov. 27, Dec. 
20, 1926; Jan. 10, Jan. 31, Feb. 2, and Feb. 24, 1927. By March he was walking 
with scarcely discernible spasticity. The suboccipital region was flat and he 
was feeling quite well. By April still further improvement had occurred. Al- 
though the tendon reflexes were still exaggerated in the left leg, the strength 
was practically normal and he was running and playing baseball like a normal 
boy. No sensory defect could be found and the bladder functioned normally. 

In spite of the improvement roentgen treatment was continued on March 18, 
and April 15. When he reported for treatment on May 11, 1927, he was pale 
and listless and complained of pain over the right eye. He was still almost free 
from spinal symptoms. The cerebellar region was treated. Following this he 
declined rapidly. Headaches set in about May 29; he became incontinent, 
drowsy, completely paraplegic, and died June 17, 1927. 


Autopsy: The spinal cord was removed at the patient’s home. 
Examination of the brain was refused. The spinal cord was covered 
by numerous flat, whitish nodules beneath the arachnoid, extending 
from the upper dorsal region to the cauda equina; they were mainly 
situated on the dorsal surface (Fig. 3). 

Microscopic Description: The original tumor from the cerebellum 
was composed of small, closely packed cells having a small amount of 
cytoplasm extending from one extremity. Neither neuroglial nor 
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nerve fibers could be impregnated in the tumor and nothing resem- 
bling neuroblasts was found. Reticulin was scanty. There were very 
few pseudorosettes (Fig. 4a). The tumor was undoubtedly a medul- 
loblastoma although more spindle-celled than usual. Mitoses were 
numerous. 

The nodules on the surface of the spinal cord at autopsy, we were 
surprised to find, consisted almost exclusively of bands of collagenic 
tissue (Fig. 4b). Cells were rare; the nuclei pyknotic, and mitoses 
were infrequent and abnormal. Underlying the nodules of tumor 
there was an extensive gliosis. One area was found in which the 
tumor had actually invaded the substance of the cord (Fig. 6b). 
The roots of the spinal nerves caught in the nodules of tumor 
showed increase in connective tissue and degeneration of the myelin 
sheaths. The blood vessels were often thrombosed or occluded, ap- 
parently by pressure of the surrounding collagenic tissue aided by 
proliferation of the intima. 

Comment; In those cases of extension of medulloblastoma into 
the spinal leptomeninges which have not been treated with the 
roentgen rays, there is much more connective tissue in the meningeal 
extension than in the original cerebellar tumor (cf. Fig. 5), but the 
tumor remains very cellular, and the connective tissue consists 


mainly of strands of reticulin. The extensive sclerosis of the spinal 
tumor in Case 3 must have been caused by the radiation. 

It is unfortunate that the condition of the intracranial lesion 
could not be determined. Its condition may be imagined after the 
description of the following case, whose history is very similar to 
the one just recorded. 


CASE 4. Clinical History: (Med. No. 28682) J.M.W., aged 18 years, was 
admitted Oct. 4, 1926, referred from the Outpatient Service. He was found to 
have a typical syndrome of a tumor in the central cerebellar region and was 
transferred to the surgical service (Surg. No. 27371) where a suboccipital 
operation was performed on Oct. 14, 1926, disclosing a midline tumor occupying 
the whole of the vermis. Beginning at its lower extremity it was apparently 
dissected out entirely, leaving the fourth ventricle widely exposed. He recovered 
promptly and was discharged on February 7th, completely relieved of his 
symptoms with the exception of slight hypotonicity of the extremities. 

He returned later in February 1927, complaining of a girdle-pain in the 
right lower thoracic region, with numbness and weakness of both legs. There 
was hypoesthesia extending up to the tenth thoracic segment, predominating in 
the left leg, and weakness and spasticity of both legs, especially of the right. 
There was no disturbance of the bladder but the paraplegia was sufficiently 
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advanced so that he was unable to walk alone. There were no signs of a return 
of the cerebellar lesion. 

He was given on February 26th a roentgen treatment over the spine from 
third dorsal to second lumbar, which resulted in retention of urine for three 
days, but almost immediately improved the paraplegia. The roentgen treat- 
ment was repeated March roth and April 13th. On March 23rd the cerebellar 
area was also treated. 

By June 22, 1927 his condition was excellent. He was walking without as- 
sistance. The strength of his lower extremities was good but some spasticity 
remained. No sensory disturbance could be found, no disturbance of the func- 
tion of the bladder and no signs of intracranial involvement. He complained of 
pain in the left shoulder but no sensory defect could be found in this region. 

On July sth the cerebellar area and cervical spine were treated, about half 
an erythema dose being given. He was next seen on December 7th, when he re- 
turned because of sudden weakness of the legs and bladder disturbance. A 
series of roentgen treatments was therefore given to the dorsal spine in 25 per 
cent doses on Dec. 7, Dec. 23, and Jan. 6, posteriorly, and Dec. 15 and 29 from 
in front. The bladder disturbance disappeared and he began to walk a little, 
but by February developed a paraplegia in flexion with severe cramps in the 
legs. He was given 50 per cent doses over the dorsal spine on Feb. 25 and 
March 2, and over the cerebellum on Feb. 6 and Feb. 9. There was no improve- 
ment. His vision slowly failed during the last two months of life without evi- 
dence of intracranial pressure. He died suddenly at home March 8, 1928. 
Permission was obtained for a postmortem examination. 


Autopsy: The body was brought to the hospital for examination. 
The brain and spinal cord were removed, the brain having previously 


been injected with 10 per cent formalin im situ through the carotid 
arteries. General examination of the viscera revealed nothing of 
note. 

The cerebellum was densely adherent in the suboccipital region 
where there were several walled-off pockets containing 20 to 25 cm. 
of xanthochromic fluid. Superficial examination of the brain re- 
vealed a dense whitish tissue covering the tuberian region and sur- 
rounding the carotid arteries. The hypophysis seemed slightly 
flattened. The leptomeninges seemed thickened and whitish also 
over the pons and the inferior surface of the left cerebellar hemi- 
sphere. 

There were very dense arachnoidal adhesions all along the spinal 
cord which was covered by numerous flat, whitish nodules scattered 
from the cervical region to the cauda equina. The cord looked much 
like that of Case 3 (cf. Fig. 3). 

On median section of the brain an amazing picture of multiple 
metastases within the ventricular spaces was disclosed. The old 
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cavity occupied by the tumor had a fairly smooth wall but it was 
studded with several nodules of tumor and one nodule the size of a 
pea was perched upon the base of the fourth ventricle just at the 
posterior end of the pons. In the aqueduct of Sylvius and also 
throughout the lateral ventricle on the left side there were multiple 
nodules varying in size from 1 to 4 mm. in diameter. There was in 
addition a great mass of tumor which occupied the entire floor of 
the third ventricle and obscured the usual landmarks — chiasm, 
hypothalamic region and infundibulum. This mass of tumor meas- 
ured about 2.5 cm. in its transverse and vertical diameters. It was 
whitish in appearance and looked somewhat different from the 
ventricular nodules. This extensive and widespread implantation 
of tumor throughout the ventricles did not seem to have obstructed 
the pathway of the cerebrospinal fluid anywhere, for the foramina 
of Munro were open and also the aqueduct. The foramen of Luschka 
was evidently open on either side. The ventricle showed only a 
moderate dilatation but the ependyma was everywhere studded 
with tumor nodules. 

Microscopic Description: The tissue removed at operation had 
the typical structure of a medulloblastoma, with numerous pseudo- 
rosettes (Fig. 7a). There was very little reticulin and no neuro- 
blasts were identified. 

The spinal implants removed at autopsy consisted almost ex- 
clusively of masses of collagenic fibers with occasional small islands 
of neoplastic cells (Fig. 7b). Under the nodules of tumor, which lay 
mostly on the dorsal surface of the cord, was a most intense gliosis 
(Figs. 6a and 8b). Elsewhere the cord showed only a slight thicken- 
ing of the pia mater and a slight peripheral gliosis (Fig. 8a). 

The extension over the base of the brain contained much more 
numerous tumor cells and much less collagenic tissue. The nodules 
on the walls of the ventricles had the typical structure of the medul- 
loblastoma. The ependyma had disappeared beneath them but 
there was only slight invasion of the underlying fibrous neuroglia. 

Comment: In view of the spread of the tumor over the base of the 
brain as disclosed at autopsy it is unfortunate that no details could 
be obtained concerning the later course of his illness. The family 
was unobserving and I was unable to learn whether there had been 
polyuria or other symptoms of involvement of the hypothalamus. 
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It is possible that such an extension had occurred also in the previous 
case, but the brain could not be examined. 


DISCUSSION 


Further experience with these medulloblastomas has not altered 
in any way the conception of their structure or clinical course de- 
tailed by Bailey and Cushing. They are composed of very embry- 
onic undifferentiated cells of neuroepithelial origin and grow with 
extreme rapidity. It is doubtless for this reason that they are so 
sensitive to radiation. 

It has been proved by Bailey, Sosman, and van Dessel,* and con- 
firmed by Olivecrona and Lysholm,’ that the growth of these tumors 
may be checked for a considerable length of time by roentgen 
therapy and yet a fatal outcome has ensued in every case. It is 
generally assumed that after a certain time the neoplastic cells be- 
come radioresistant, but in view of the cases here reported it is 
legitimate to ask if this is really the correct interpretation. 

In Case 1 it may be considered that roentgen treatment was not 
given a fair trial since none was given after the main body of 
the tumor was removed, but in subsequent cases the cerebellum 
was persistently radiated and in no instance where the main mass of 
the tumor was removed and the iter definitely freed had there been 
signs of a local recurrence except in Case 2 here reported, in which it 
was proved at operation that the return of symptoms was not due 
to growth of the tumor. It was proved also in Case 4 at autopsy 
that there had not been a local recurrence. 

The patients in whom a fairly complete enucleation was made and 
who were treated intensively with the roentgen rays nevertheless 
died from an intraspinal or intracranial extension of the tumor. Of 
course such an extension may occur without operation, as is amply 
proved by my own experience and the cases recorded by others, but 
its occurrence after operation is so frequent as to preclude the simple 
development of an extension already present at the time of opera- 
tion. The neoplastic cells must be scattered into the cerebrospinal 
spaces by the operator, falling by gravity into the spinal canal or 
being carried upward by the current of fluid over the base of the 
brain, where they grow as implantation metastases. This being 
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true it seems to be advisable to radiate thoroughly the entire cere- 
brospinal system following an operation for one of these tumors in 
the hope of killing the scattered cells before they have time to im- 
plant themselves, for once they have become implanted and have 
begun to give rise to symptoms, a fatal outcome is inevitable. 

The reason for the progression of symptoms when the tumor has 
been thoroughly checked and even almost completely destroyed is 
not at once apparent. It may be that the dying neoplastic cells re- 
lease a toxin which is damaging to the nervous system, but from a 
study of my specimens it seems rather that the progression of 
symptoms is largely due to the transformation of the tumor into 
scar tissue with a resultant disturbance of circulation within the 
nervous system. 

The roentgen rays are not supposed to injure the normal nervous 
tissues or meninges in the doses used. But the presence of the neo- 
plastic cells in the meshes of the pia-arachnoid gives rise to a chronic 
irritation and proliferation of this tissue, in which condition it may 
be more sensitive to the radiation. At any rate it is evident that the 
radiation transforms the tumor-infiltrated leptomeninx into dense 
fibrous bands which constrict the cord and nerves, diminish the 
circulation of the blood and block the circulation of the cerebrospinal 
fluid. 

Under these circumstances one might ask whether these patients 
have not been given too much roentgen treatment. Would it not be 
better to radiate thoroughly the entire cerebrospinal axis immedi- 
ately after operation and then stop? Time and further experience 
alone can tell. 
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DESCRIPTION OF PLATES 


PLATE 26 


Fic. 1. Case 2. (a) Tumor removed at first operation containing numerous 
pseudorosettes. Methylene blue and eosin. x 300. 
(6) Tumor removed after radiation. Note the numerous mul- 
tinucleated cells. Hematoxylin and eosin. x 300. 


Fic. 2. Case 2. Types of abnormal mitoses after radiation. Note the giant 
cell in the middle photograph. Methylene blue and eosin. 
X 1200. 
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PLATE 27 


Fic. 3. Case 3. Dorsal surface of spinal cord showing nodules of tumor. 


Fic. 4. Case 3. (a) Tumor removed from cerebellum. Hematoxylin and eosin. 
X 300. 
(b) Tumor removed at autopsy from surface of spinal cord. 
Note the sclerosis probably produced by radiation. 
Methylene blue and eosin. x 100. 
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PLATE 28 


Fic. 5. (a) Medulloblastoma from cerebellum. Hematoxylin and _ eosin. 
X 300. 

(6) Spontaneous extension to the spinal meninges, untreated by radia- 

tion. Note the excess of connective tissue. Hematoxylin and eosin. 
X 300. 


Fic. 6. (a) Case 4. Sclerosed tumor on dorsal surface of lower cervical cord 
with extensive underlying gliosis of posterior columns. 
Phosphotungstic acid hematoxylin. x 5.5. 
(b) Case 3. Sclerosed tumor on lateral surface of thoracic cord, invad- 
ing the posterior horn. Note the surrounding gliosis. 
Phosphotungstic acid hematoxylin. x 5.5. 
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PLATE 29 


Fic. 7. Case 4. (a) Tumor from cerebellum. Methylene blue and eosin. 
X 300. 
(6) Spinal tumor after radiation. Note the intense sclerosis 
and one island of persisting neoplastic cells. Hematoxylin 
and eosin. x 300. 


Fic. 8. Case 4. Photographs from periphery of spinal cord. Phosphotungstic 
acid hematoxylin. x 300. 
(a) Area not covered by tumor. Note thickening of pia mater 
and slight marginal gliosis. 
(b) Area covered by nodule of tumor. Severe gliosis extend- 
ing deeply into the cord. 
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MIXED TUMORS OF THE PALATE* 


Ricney D’Avunoy, M.D. 
(From the Department of Pathology of the Charity Hospital, New Orleans, La.) 


The much debated and to some investigators entirely inap- 
propriate term, ‘‘mixed tumor” as applied to the clinically char- 
acteristic and histologically complex neoplasms occuring in the 
general oral-facial region, will undoubtedly remain a descriptive 
term in the nomenclature of pathological anatomy, and so it should. 
Admittingly conveying no idea of the source and mode of develop- 
ment of these newgrowths, it has the value of conveying the thought 
of their actual complexity of composition and, at times, of structure. . 

Mixed tumors occur rather frequently in the salivary glands and 
comprise the typical neoplasm of the parotid. Similar tumors occur 
on the cheeks, lips, nose, gums and palate, the latter growths being 
the most common with the exception of those of the parotid and 
submaxillary glands. Even in spite of this relative frequency, 
scarcely 100 mixed tumors of the palate have been described. This 
fact prompted the present report of two cases recently seen. 


CASE 1. Clinical History: Mrs. M.S. (C.H.-G. 9245-No. 302), service of ! = 
Dr. Taquino, white, female, 25 years of age, admitted to the hospital for eS 
tumor of palate. Past and familial histories of no importance. About one year 4 
ago noticed a small tumor on the left side of her palate which has gradually 
grown until it is now the size of a hen’s egg. Has experienced no pain, but some 
discomfort on talking and swallowing. Has lost no weight. Physical ex- 
amination and laboratory tests negative. Clinical diagnosis, fibroma of the soft 
palate, left side. Under local anesthesia tumor was removed by enucleation. 


PATHOLOGICAL EXAMINATION 


Gross Description: The specimen (S-29-1235) consists of a small, 
firm, whitish pink, tumor mass, irregular, but somewhat ovoid in 
shape measuring 3.5 cm. in its longest diameter and weighing go gm. 
It appears well encapsulated. On sectioning, the knife encounters 
much resistance, with glistening, grayish pink, reddish brown, and t 
grayish white, surfaces revealed. Apparently the tumor is com- 
posed of cartilage, dense and loose connective tissue with some areas 
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of softer tissue elements, all enclosed in a tough fibrous tissue cap- 
sule. 

Microscopic Description: The tumor is well encapsulated by dense 
connective tissue. The stroma consists of mucoid connective tissue 
with much cartilage. Here and there aggregates of fat cells are 
noted. Groups of epithelial cells, oval, ovoid or round in shape are 
scattered throughout, together with definite tubular structures 
lined with two or more layers of cuboidal cells. Some few such pre- 
sent a single lining layer of low columnar cells. Typical squamous 
epithelium with rudimentary ‘‘pearl” formation is noted. 


CASE 2. A.P. (C.H.-Cl. 6), colored female, 43 years of age, service of Dr. 
Cox, has noticed a tumor on the right side of her palate for the past six years. 
Is painless, but recently has grown until it now extends beyond the middle line, 
causing some interference with mastication and deglutition. General health 
excellent. 


PATHOLOGICAL EXAMINATION 


Gross Description: The specimen (S—29-2874) consists of an oval 
tumor mass measuring 4 by 2.5 by 3 cm. and sectioned in its longest 
diameter. Externally it presents an irregular reddish brown color, 
except for the surface of attachment which is grayish in color. The 
mass is well encapsulated, firm and resistant to touch. The interior 
revealed by sectioning shows smooth, creamy white surface, with 
here and there darker areas of brownish red and reddish gray. Pin- 
head and somewhat larger yellowish brown and generally softer 
areas are studded throughout, suggestive of necrosis. The mass cuts 
smoothly but some resistance is encountered on sectioning. Arbori- 
zations of dense fibrous tissue are encountered at the base, but not 
throughout the tumor substance. 

Microscopic Description: In general the histology is rather simi- 
lar to that noted in Case 1 but glandular formation is not as well 
marked, most of the tubular structures being rather rudimentary. 
There is marked merging of the epithelial elements into the muco- 
cartilaginous stroma, by means of both cellular projections and inter- 
cellular fibrillae. Keratinization is nowhere noted. The connective 
tissue capsule, rather dense in structure, is invaded by aggregates of 
epithelial cells and rudimentary tubular structures. 
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FREQUENCY OF MIxED TUMORS OF THE PALATE 


Eggers, after a very careful survey of the literature and a pains- 
taking and exhaustive study of pathological material, gross and 
microscopic descriptions and photographs of practically all mixed 
tumors of the palate reported, concludes that sufficient evidence 
exists to establish only 87 of the over 100 reported cases as authentic 
mixed tumors. To this list he adds 5 of his own. If he has erred in 
his inclusions it has been rather on the side of safety and his com- 
pilation of mixed palatal tumors can be accepted as the most ac- 
curate extant. 


STRUCTURE AND DERIVATION 


Although some pathologists still believe that mixed tumors 
usually originate in fully developed glands, even several decades 
after birth, it is now generally conceded that there exists a develop- 
mental relationship between them and embryonal disturbances in 
the nature of cell displacements or enclavements. They should 
rather be regarded as tumors in, but not of, the structures they 
invade. 

The histological structure of mixed tumors is most irregular. 
Generally they may be said to consist of a ground tissue of myx- 
omatous material or cartilage with transitions of one into the other, 
and fibrillar connective tissue, with occasionally some little lymphoid 
tissue or bone interspersed. Within this basic matrix, cell inclusions, 
varying in individual cases and presenting no regularity as to 
structure, are present. Sometimes these parenchymal cells appear 
closely packed; at other times they are arranged as networks, strands 
or branching columns. In some tumors they simulate gland-like or 
tubular structures lined with cuboid or cylindrical cells. Again 
they may appear as irregularly shaped, large masses presenting no 
definite morphology, the individual cells (“indifferent cells”) them- 
selves being small or large, oval, ovoid, rounded or even spindle- 
shaped. Occasionally they present a whorl-like arrangement simulat- 
ing the epithelial pearls of squamous celled neoplasms. Generally, 
these cells present an infiltrative type of growth, usually merging 
into the cartilage or myxomatous tissue masses without any sharp 
lines of delineation. This blending of the various tissue elements is 
always a characteristic feature. At times the parenchyma of the 
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tumor even passes imperceptibly into the normal glandular element 
giving the impression of its apparent derivation therefrom. 

Much conjecture as to the nature and derivation of the various 
cellular elements of mixed tumors has existed. To some they are 
endothelial growths with derivation from the endothelium of tissue 
spaces and lymph channels; to others they are purely epithelial. 
This latter view is now generally accepted even though Volkmann, 
Steinhaus, Martin, von Hansemann and Borst have endorsed and 
defended the theory of their endothelial nature. Even rather full 
acceptance of the epithelial nature of the parenchymal cells of mixed 
tumors as advocated by Humberg, Ribbert, Chevassu, Fock, 
Krompecher, and others has not fully quieted the arguments con- 
cerning them. There remained explanation of the mode of transition 
from ectodermal to mesenchymal elements. For this actual meta- 
plasia is the explanation most generally offered. Even this ex- 
planatory theory appears cloaked under various forms. To Ehrich, 
the metaplasia is principally due to secretion of seromucous material 
by the parenchymal cells. Marchand advances rather similar views. 
To him the stroma is purely epithelial in character. Béttner assigns 
littleimportance to the mesodermal elements. He believes the tumors 
uniform epithelial neoplasms and argues that even in the tumors in 
which cartilage and mucoid connective tissue are predominant 
elements they must be considered as tumors in which recession of 
the epithelial structures has taken place. Krompecher and Forman 
and Warren believe that there occurs an actual metaplasia of epi- 
thelium stroma, and advance arguments based on embryonal as 
well as morphological grounds in support of their position. 

To Fraser, Masson and Peyron, Desmarest and Masson, the 
metaplastic processes accounting for the histology of mixed tumors 
are even more complex. They believe that the parenchymal cells 
come from normal glands, mucosal in the case of palatal growths, 
and that the mucoid connective tissue cartilage matrix arises from 
the epithelium of the tumor itself. 

While metaplastic processes appear as essential to a full explana- 
tion of tissue transitions within a same class, they need not be re- 
sorted to for full explanation of all mixed tumors, nor even of any, 
if the broadest conception of embryonal sequestrations is accepted; 
for then, the number and character of sequestered tissue elements 
readily account for the varying histological character of the adult 
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tumors. That the enclavement theory presents the correct solution 
of the problem of mixed tumor genesis appears at this time incon- 
trovertible. 


MALIGNANCY OF MIxED TuMoRS 


Mixed tumors, wherever located, are, as a rule, nodular, firm, well 
encapsulated, rather freely movable and grow slowly. Although 
microscopically they may bear all the stigmas of malignancy, 
clinically they are said to “‘become malignant” when as a result, 
principally of trauma as thought by some, or for other reasons, they { 
break through their enveloping capsule, begin to grow rapidly, 
cease to be movable, infiltrate their immediate vicinity, recur after 


removal and present metastasis. 
In mixed palatal tumors, malignancy, as clinically understood, is 
most infrequent. In the 92 cases compiled by Eggers only 2 show 
histories of invasive or recurrent growths, but as Eggers rightly 
points out, most of the reports made concerning them were shortly 
after their removal. Again, the very location of these tumors and | 
the discomfort they produce speak for their early removal before 
malignant metamorphosis, if such be possible, can eventuate. 
McFarland, after exhaustive study of 90 mixed tumors followed 
over a period of years, concludes that “‘malignant changes whether 
sarcomatous or carcinomatous in mixed tumors must be rare.” | 
This conclusion is undoubtedly valid. Microscopic malignancy 
means nothing. “Recurrences” after operation must be carefully 
evaluated. Many of these tumors present technical difficulties to 
their complete removal and many “recurrences” are undoubtedly © 
continuity of growth after incomplete removal, just as many 
“‘metastases” are simple extensions of growth. 


AGE AND SEX DISTRIBUTION 


Statistics concerning mixed palatal tumors are not sufficiently 
comprehensive to allow accurate classification as to age and sex 
distribution. They have occurred at all ages, probably being more 
common in the second, third and fourth decades of life. There seems 
to be no sex predilection. 
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CONCLUSIONS 


1. The term mixed tumor as applied to the neoplasms occurring 
in the general oral-facial region is distinctive and descriptive and 
should be retained. The origin of these tumors can be most satis- 
factorily explained by the theory of embryonal enclavement. 

2. Microscopically complex but clinically benign, it is doubtful 
if typical mixed tumors ever undergo so-called malignant changes. 
Certainly such transformations, if occurring, are difficult of proof. 

3. Palatal mixed tumors show the same general histological 
complexity and clinical characteristics as those occurring in other 
regions. 

4. Two mixed tumors of the palate are reported. 
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DESCRIPTION OF PLATES 


PLATE 30 


Fic. 1. Case 1. Glandular and squamous epithelium. Cartilaginous and 
myxomatous stroma. 
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PLATE 31 


Fic. 2. Case 2. Marked blending of epithelium and stroma. 
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A PATHOLOGICAL STUDY OF PRIMARY MYOCARDIAL 
AMYLOIDOSIS * 


M. LArRsEN, A.B. 


(From the Depariment of Pathology, Vanderbilt University Medical School, 
Nashville, Tenn.) 


There have been reported two distinct groups of cases in which 
amyloid infiltration of the heart has been observed. 

Within the first, and by far the more prominent group numerically, 
is a series of cases such as those reported by Von Huebschmann,} 
in which amyloid has been demonstrated in the hearts of patients 
affected by a generalized amyloidosis. In eight such cases investi- 
gated postmortem by Von Huebschmann only on microscopic in- 
vestigation was amyloid demonstrable within the myocardium, and 
in no case was its occurrence in this location associated with specific 
differential symptoms referable to the system involved. Micro- 
scopically, the myocardium was found to contain amyloid deposits 
within the connective tissue and vessel walls; rarely, it was de- 
monstrable in the valves ahd endocardium. In no instance was 
amyloid degeneration of the muscle fibers observed. On the basis of 
his observations, this investigator concluded that the amyloid 
arises both by transformation of the connective tissue fibrils (into 
amyloid) as well as by an interpositional deposit. 

Commenting on this series in its review, Beneke and Bénning? 
suggest that Von Huebschmann’s observations are in agreement 
with all similar reported cases. But they advocate that in primary 
myocardial amyloidosis the peculiar nodular amyloid deposits in 
the heart are not only confined to the capillary walls, but are 
localized about the muscle fibers themselves. It is their opinion that 
the accumulation of amyloid in the ectoplasmic zone of individual 
tissue cells leads to complete cellular intubation by amyloid, and 
that cells in this manner deprived of their nutrition undergo inanition 
atrophy. This they believe to be indicative of a previously unrecog- 
nized causal relationship between the metabolic processes of the 
sarcolemma-free muscle fibers, and the local deposition of amyloid. 


* Received for publication October 28, 1929. 
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The localization of amyloid confined to single foci is considered 
analogous to the development in scattered foci of degenerative 
changes in general, which, as Ribbert has advocated, are related to 
localized metabolic changes. Beneke and Bénning further suggest 
that the patchy distribution in the heart is no more remarkable than 
the generally known distribution of amyloid in other organs. With 
these cases of general amyloidosis the present study is not im- 
mediately concerned. 

By far the less important group numerically, and, because of their 
uniqueness, perhaps unduly emphasized, are those cases in which 
the amyloid infiltrations are confined primarily to the heart, almost 
to the exclusion of those organs and tissues in which it is deposited 
in the usual cases of generalized or local amyloidosis. In this group 
there are, to our knowledge, only three reported cases at present. 

In the case reported by Wild * there was found marked amyloid 
deposit in the myocardium associated with similar local deposits in 
the lungs, tongue, bladder and gastro-intestinal tract. The clinical 
report of this case is incomplete. The condition in the heart existed 
without true clinical signs referable to its existence. The patient, a 
56 year-old woman who died of erysipelas had shown only the 
general clinical picture of heart failure. At autopsy the heart was 
small. Its walls were generally involved by nodular deposits of 
cartilaginous consistency, especially in the left auricle, and least 
pronounced in the left ventricle. Even the valve leaflets were in- 
filtrated and thickened. There was an associated nodular infiltra- 
tion of the peritoneum and intestinal serosa. According to Wild’s 
observations the homogeneous masses which he found in the heart 
and intestine possessed a central zone which gave the amyloid 
reaction, and a non-specific hyaline peripheral zone. 

The case of Steinhaus * presented changes remarkably similar to 
the findings of Wild. In a previously healthy 40 year-old man, the 
clinical syndrome consisted of vomiting, distention and intestinal 
hemorrhage, secondary anemia and clinical heart failure, the entire 
duration being but six months. Clinical observations on this case 
indicate a copious bleeding from the gastro-intestinal tract in a 
patient previously in good health, followed by marked anemia of 
the secondary type. The pulse was rapid. Albumin and traces of 
blood were found in the urine. In this case also there was apparent 
a stiff knot-like infiltration of the entire heart wall, stomach and 
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intestinal tract. The cut surface of the heart was hard, of a glassy 
homogeneity and appeared whitish gray as if cooked. In the mark- 
edly thickened stomach wall were many glassy nodules, and numer- 
ous erosions of the mucosa. In this case, too, the liver, spleen and 
kidneys were free of amyloid. The amyloid deposits adjoined ex- 
tensive deposits of hyaline-like material in the connective tissue. 
Often, particularly when in the vessel walls, those nodules gave the 
amyloid reaction. The staining reactions have been questioned by 
Beneke and Bénning, although they admit that the striking simi- 
larity to the case reported by Wild favors the correctness of the dye 
tests. 

The case of Beneke and Bénning was a 70 year-old man who 
entered the hospital moribund with a diagnosis of chronic bronchitis. 
The amyloid deposits were limited almost exclusively to the heart, 
the adjoining vena cava and the lungs. Because it has been reported 
fully and accurately this case will be referred to in the discussion of 
the following one which fell under our observation, a case which has 
points of similarity to all of the foregoing, but differs from each 
of them. Our case follows: 


REPORT OF CASE 


Clinical History: Feb. 8, 1926, a 65 year-old negro male, entered the hospital 
with a respiratory infection for which he was successfully treated. The es- 
sential findings at this time were: a generalized arteriosclerosis, normal heart, 
absent or sluggish reflexes, negative urine. Non-protein nitrogen 33.3, Was- 
sermann and Kahn negative, sputum negative, stools negative, globulin cerebro- 
spinal fluid, negative. 

April 16, 1928, the patient was seen in the Out-Patient department com- 
plaining of cough of one months duration associated with shortness of breath 
on exertion and epigastric tenderness. Digitalis therapy was instituted. 

Nov. 19, 1928, the patient entered the hospital with a typical history of pro- 
gressive left-sided heart failure. 

Laboratory Findings: Electrocardiograms: Nov. 19, 1928, auricular fibril- 
lation, left ventricular preopnderance. Dec. 13, 1928, auricular fibrillation, 
ventricular premature contraction. Dec. 14, 1928, auricular fibrillation, left 
ventricular preponderance. Dec. 15, 1928, auricular fibrillation, left ventricular 
preponderance, low voltage, inverted T in all leads. 

He was discharged from the hospital Oct. 20, 1928, in a state of complete 
compensation. He had been diagnosed: general arteriosclerosis, arteriosclerosis 
of coronary arteries, cardiac arrhythmia-auricular fibrillation, cardiac insuf- 
ficiency. He was sent out on digitalis o.1 gm., and given instructions regarding 
diet, exercise and fluids. He returned to the Out-Patient department about 
two months later (Jan. 14, 1929) with slight dyspnoea and moderate edema. 
Digitalis was increased to 0.1 gm. b. i. d. and patient instructed as to conduct. 
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On March 109, 1929, the patient came into the hospital with a second bad 
break in compensation. With salyrgan and theocin he lost a huge amount of 
edema and became compensated. His mental befuddling was maintained, how- 
ever. He was incontinent of urine and feces, and developed bed sores. On 
March 2oth he developed a chill and high temperature. On March 3oth he was 
in deep coma with stertorous breathing, neck rigid, and questionable Kernig. 
A spinal puncture gave a cloudy fluid with a fibrin coagulum and 2000 cells. 
Culture of this fluid and blood culture showed a hemolytic streptococcus. He 
died March 31, 1929, in coma. 


From the autopsy the following diagnoses were made: 


Septicemia, streptococcus hemolyticus, blood culture; meningitis, 
acute, diffuse; pericarditis, acute, purulent, with purulent effusion; 
cardiac dilation and hypertrophy; myocardial necrosis, acute focal 
with auricular thrombus, puriform; amyloid deposits, myocardial, 
pulmonary and renal; nephritis, chronic vascular; congestion, 
spleen, liver, adrenal and renal; decubitus ulcers. 


HEART 


The following description of the heart was given at autopsy: 

The heart is a typical cor bovinum, weighing 700 gm. It is rub- 
bery to compression, so that the depressed wall gives a sense of re- 
bounding when the tension is released. The cut surface throughout 
is of a homogeneous reddish appearance as of stained liquid al- 
bumin, and gives one the impression that the light is reflected from 
the surface which is partially composed of a translucent substance. 
There is a puriform thrombus in the apex of the right auricle. The 
left auricle is clear to the limits of the appendage. The right auricu- 
lar cavity is markedly dilated as is the left, and the walls of both are 
thickened to measure 0.5 cm. in diameter. The right ventricular 
cavity, it is estimated, is twice the normal size. The myocardium is 
1 cm. thick at the base, and 3 mm. thick at the apex. The myo- 
cardium of the left ventricle is tremendously hypertrophied and the 
cavity increased to an estimated one-half greater than normal. At 
the base the wall measures 4 cm.; at the apex 2.75 cm. There are no 
grossly apparent necroses. The papillary muscles of both ventricles 
are markedly hypertrophied, some in the left ventricle measuring as 
much as 1.5 cm. in diameter at the base. The valves are free and 
flexible throughout. There are no vegetations. The mitral, aortic, 
tricuspid and pulmonic valves measure respectively: 11, 8.5, 8, and 
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15cm. The endocardium throughout is clear and smooth with the 
exception of the right auricle which has already been described. The 
coronary arteries are moderately sclerotic. A small atheroma is 
present in the orifice of the left. It is recent. The coronary sinus is 
markedly dilated. 

Because amyloid was suspected from the appearance of the heart, 
tissues were taken from every portion of this organ inclusive of 
pulmonary arteries, aorta, inferior vena cava, pulmonary veins, 
and pericardium. These tissues were rapidly stained in a Gram’s 
iodine solution and transferred at once to sulphuric acid. The fol- 
lowing tissues gave a positive reaction almost immediately. 

Left Ventricle: A section of the muscle of the left ventricle with a 
specific amyloid stain, examined under the dissecting microscope, 
reveals an extensive bluish mottling of the tissue. These bluish 
areas are diffusely scattered throughout the entire section, running 
parallel to the line of fiber of the myocardium. In this manner the 
specimen is given a stippled or tigroid appearance with the stippling 
occurring in interrupted parallel bands. These bands are not com- 
plete in themselves, but have points of continuity with one another 
alternating with points of interruption. It is therefore evident that 
the deposit of amyloid is not uniform but diffuse throughout the 
myocardium. This observation has been recorded photographically 
by reflected light. The amyloid appears black in the reproductions. 
The appearance of the amyloid in the epicardium and beneath the 
endocardium of this ventricle is striking. Interlacing clusters of 
bluish material often related to definite vessels would by this stain 
indicate that, in the epicardium at least, the amyloid deposits have 
a definite relation to some portion of the vascular bed. 

Right Ventricle: Within the right ventricle deposits are essentially 
the same as those in the left, and practically as abundant. 

Right Auricle: In a section taken through the right auricle to in- 
clude the flap of the foramen ovale, the amyloid has practically the 
same anatomical distribution as in the ventricles. Wherever the mus- 
cle fibers have been cut longitudinally in this section the same tigroid 
appearance is observed as was apparent in the ventricular myo- 
cardium. Because of the line of muscle fiber in this section, however, 
many of the deposits appear as minute interlacing islands in the 
photograph. The focal areas of endocardial infiltration of the diffuse 
type are again apparent. 
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Left Auricle: In a tangential section of the left auricle the 
amyloid deposits have the characteristic tigroid appearance so ap- 
parent in the ventricles. In a cross-section they appear as minute, 
sometimes interlacing islets separated by the elements of the myo- 
cardium, endocardium, or epicardium. 


Microscopic EXAMINATION 


Myocardium: The muscle cells throughout the entire myocardium 
are hypertrophic, a condition which is especially marked within the 
wall of the left ventricle. An occasional minute scar is apparent, 
especially in sections from the posterior portion of the left ventric- 
ular apex. The adjacent muscle cells are markedly enlarged. An 
estimated 50 per cent of the volume of the myocardial sections is 
represented by amyloid, which, throughout the myocardium is 
present in the crevices between the muscle bands and their com- 
posite fibers, and intracellularly. It is homogeneous, and is present 
in the form of eccentric laminated bands which in many instances 
give to this foreign element a whorl-like appearance. There are 
areas in which there is so great an abundance of this material that 
the muscle elements are entirely wanting or occur only as vestiges 
of an original cell or cells in a field composed almost entirely of 
amyloid. Not every bundle or fiber is equally affected, for while 
amyloid is found in the interstitial space between practically every 
muscle fiber, thus giving it a diffuse distribution, its deposition is 
not at all uniform. At times it is present as a narrow band which 
forms a sheath at one side of an interfibrillar capillary, not en- 
croaching on the adjacent muscle fibers. In other instances large 
areas composed only of amyloid are present. Marked indentation 
of the myocardial cells by amyloid is readily apparent, but in a few 
instances only is the integrity of the muscle cell wall interrupted by 
these apparent invaginations. In serial sections these invagina- 
tions can be readily traced from simple indentations of the cell wall 
to actual cellular invasion so that one finds in examination of a 
single fiber serially the transition from simple cellular indentations 
by amyloid to actual intracellular deposits of this substance. When 
the amyloid present is actually intracellular, having gained entrance 
to the cell in this manner, the amyloid substance is often surrounded 
by a clear zone of sarcoplasm, the nucleus displaced and the myo- 
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fibrillae concentrated in the peripheral portion of the cell. There is 
no evidence of degenerative change in these cells. It is of importance 
that in those instances in which this actual invasion of the cell has 
occurred, the pericellular tissues are often amyloid free except at 
that point at which the amyloid bud makes its invagination. It is 
further of importance that invaginating buds of amyloid are always 
traceable in serial sections to a point at which they become con- 
tinuous with a pericapillary deposit of amyloid in the immediate 
vicinity. 

There is no evidence of amyloid in the chordae tendineae, al- 
though it is present in abundance at the musculotendinous transi- 
tion of the papillary muscles. 

Endocardium: Focal collections of diffuse amyloid infiltration 
are here present as within the myocardium. The absence of large 
vessels in this tissue places the deposits, which here also are peri- 
vascular, about the capillaries and minute venules. Many of these 
deposits, because they appear primarily well myocardialward in 
this tissue are directly continuous or contiguous with the deposits 
of amyloid of the myocardium proper. In the right auricle alone the 
deposits have become sufficiently large, subendothelially to cause 
a protrusion of a large area of endothelium. The aortic valve is 
definitely infiltrated, especially in the proximal portion where the 
deposit of amyloid is continuous with that present in the myo- 
cardium. Peripherally in the valves the deposits consist of focal 
areas deep in the subendothelial tissues. Amyloid in similar dis- 
tribution is found within the pulmonic, mitral and tricuspid valves. 
Never is it apparent from the surface. Its occurrence is always deep 
in the subendothelial stroma. 

Pulmonary Artery: Distinct foci of amyloid are present in the 
outer media and adventitia of the pulmonary artery. In at least one 
instance vasa of the wall are demonstrable within the amyloid mass. 

Aorta: Distinct foci of amyloid are apparent throughout the 
media. Many have a definite relationship to the vasa vasorum. A 
curious infiltration of the para-aortic adventitial veins is also 
evident. In this location there is a distinct localization of the amy- 
loid within the media, though, at times the deposit has broken 
through and bulges the endothelium of the intima. There is no 
thrombus formation at the point of intimal protrusion. 

Inferior Vena Cava: Distinct diffuse amyloid deposit is apparent, 
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especially medialward in this tissue. It has approximately the 
same relationship as that present in the para-aortic veins. 

Lungs: Irregular intramural amyloid deposits are present gen- 
erally throughout the alveolar walls of both lungs. The finer ex- 
amination of these deposits shows that they are extensive, nearly 
diffuse about the alveolar capillaries where, at times it is so 
abundant as to cause the alveolar epithelium to bulge into the 
acinar space. The same transitions in the loss of the normal stromal 
connective tissue relationship between the capillaries and of the 
respiratory epithelium of the lungs is here observed as was so ap- 
parent in the interfiber deposits of the myocardium. 

Kidneys: The renal arteries of medium size present a definite 
thickening of their intima, and in some instances actual occlusion of 
the lumen is apparent. In association with these vascular changes 
there occur diffusely throughout the cortex numerous triangular 
scars containing atrophic renal structures with large numbers of 
hyalinized glomeruli. The scars are infiltrated with lymphocytes. 
Extensive deposits of amyloid occur in the pyramidal portions of 
the organ. They have a definite pericapillary arrangement. 

Pararenal Ganglion: A definite deposit of amyloid is present in 
the interstitial fibrous tissue of the ganglion. 

No deposits of amyloid were found in the spleen, liver, adrenals, 
" pancreas, prostate, brain or any organ or tissue other than those 
mentioned. 


DISCUSSION 


It is not the purpose of this paper to explain the clinical, physio- 
logical, or biochemical principles involved in amyloidosis. Clini- 
cally, it is sufficient to say that our case deals with an individual 65 
years of age who in the last three years of life developed a progres- 
sive left-sided heart failure which was twice recompensated before 
death — a cardiopathy with hypertension without renal disease 
leading to complete decompensation. 

It is rather our purpose to confine the discussion to the anatom- 
ical observations. The review of these findings in our case at once 
demonstrates definite and important variations from the observa- 
tions made in those cases previously reported by Steinhaus, Wild, 
and by Beneke and Bénning. But one thing is unconditionally 
common to the foregoing and the case under our observation, 7. e. the 
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primary localization of amyloid in the heart, especially the myo- 
cardium. 

At autopsy, the heart, an organ of 700 gm., is dilated and hyper- 
trophic throughout, and possessed of peculiar properties suggestive 
of amyloid deposition. In this lies the first variation of our case from 
all others in that the heart is markedly hypertrophic, whereas in 
all previously reported cases it was found to be atrophic. Un- 
questioned deposits of amyloid are not grossly recognized in the 
heart at autopsy, a feature contrary to the case of Beneke and Bén- 
ning in which the amyloid was readily detectable as large glassy 
nodules within the heart wall. Recognized tests for amyloid, how- 
ever, reveal in our case a diffuse amyloid infiltration of the heart. 
In the premise the diffuse type of amyloid infiltration of the heart in 
this case bridges a gap in what has been previously known of pri- 
mary myocardial amyloidosis, in that it demonstrates the pos- 
sibility of diffuse as well as localized types of amyloid deposit in 
primary myocardial amyloid infiltration; a feature which places the 
primary myocardial amyloidosis in the same category as the general- 
ized types of amyloidosis, in which both focal and diffuse types of 
amyloid deposit have been repeatedly observed, for example, in the 
spleen. 

The microscopic findings place the only detectable amyloid de- 
posits in this case in the heart and the neighboring great vessels, 
the lungs, the kidney, and a perirenal ganglion. In the heart the 
amyloid is deposited diffusely, though irregularly, throughout the 
tissues. In the epicardium it is present only in relation to veins 
some of which it occludes by pressure from without, and which form 
the centers from which it radiates into the adjacent tissue replacing 
all but the fat cells. In the endocardium it is present only in the 
deeper layers of the stroma and here again it is in definite relation 
to veins. In the less densely infiltrated areas of the myocardium, it 
is present primarily immediately adjacent to specific capillary en- 
dothelium whose connective tissue stroma it replaces; while other 
capillaries are entirely free of this deposit. This constitutes pre- 
eminently the primary site of amyloid deposit. Its occurrence in 
isolated areas in the interstitial tissue or about muscle cells is in 
every instance traceable in serial sections to a pericapillary relation. 
In the presence of slight traces of amyloid, therefore, it is located 
primarily about capillary endothelium. By examination of fields in 
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which the amyloid deposits are slightly more extensive it is apparent 
that the amyloid has extended from its pericapillary nidus into the 
interstitial tissue which it obliterates, ultimately replacing the 
stroma of the muscle cells which it surrounds, bridging the entire 
interval from capillary wall to muscle cell; but always one observes 
that the lamellae which stratify these deposits have their centers in 
a capillary. In the replacement of interstitial tissues it is evident 
that those capillaries about which the amyloid is primarily deposited 
are compressed to minute strands and occluded, ultimately com- 
pletely disappearing. It is of equal importance, that other capil- 
laries remain dilated and congested in many amyloid areas, and 
while this condition maintains there is little evidence of cellular 
atrophy; but once this group of capillaries is gone, the amyloid 
masses are seen to be mottled by hollow lacunae, the rests of pre- 
existent muscle cells. 

It is further observed that amyloid occurs often in the myo- 
cardial venules, never in the arteries; that the extremely dense areas 
of amyloid in which all tissue structure has been obliterated often 
correspond roughly to a single arteriovenous capillary tree. In the 
endocardium and valves, amyloid deposit occurs only in the deeper 
tissues. Likewise in the aorta and pulmonary arteries the amyloid 
occurs primarily in the media, the site of the vasa vasorum; it 
presents in the intima only by continuity from medial deposits; and 
finally, it has been noted that in the papillary muscles of the ventri- 
cles, while amyloid is present abundantly in the muscle it is entirely 
wanting in the chordae tendineae, abruptly ending at the musculo- 
tendinous transition line. It is therefore apparent that amyloid 
deposit does not occur in those tissues which are avascular except 
by extension from deposits in vascular tissue; that it occurs in 
vascular tissue primarily in relation to venous capillary endothelium 
and vein walls, never in arteries except the pulmonic artery and 
aorta where it is present about the medial vessels and adventitial 
veins. Moreover the distribution and abundance of the deposits 
bear a specific relation to the area of the capillary bed. It is my 
opinion that the amyloid is deposited only in those tissues which are 
known to have a definite vascular bed, and here its deposition is 
proportional to the vascular bed; and its deposit is primary about 
the endothelium of specific venocapillaries and venules from which 
it expands to include adjacent structures. Ultimately it cuts off the 
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arterial supply to the part and this in turn leads to atrophy of the 
structures in the involved area with a persistence of amyloid. 
Amyloid apparently is not affected by the anemia but continues to 
accrue, leading ultimately to closure of the lacunae left by atrophic 
muscle cells. A sheet of amyloid is thus produced which is marked 
by whorls, whorls formed by concentration of contingent amyloid 
deposits which encroach from several directions on muscle cells and 
lead to concentration bands of amyloid about individual cells, 
prior to the time the vascular supply has been severed. 

It has not, however, in any instance been my observation that 
amyloid occurs primarily in the ectoplasmic zone of the muscle cells 
from which it invades the cell at random as suggested by Beneke 
and Bénning. Indeed, as has already been pointed out, the primary 
deposits of amyloid occur about venocapillary endothelium, from 
which it extends to surround muscle cells which in densely infiltrated 
areas it encases. In these areas in which the muscle cells are entirely 
surrounded, many of the cells manifest no evidence of atrophy. 
Rather the myofibrillae and other intracellular components are 
simply concentrated, as by partial dehydration. In serial section 
these cells have been traced in every instance to a level at which 
they reach an amyloid-free field. Actual cell atrophy is apparent 
only when in serial cross-sections the amyloid is so abundant as to 
have led to complete vascular occlusion to the area and to the cell 
over its entire extent. Of those cells which show no evidence of 
atrophy, many are indented and invaginated by adjacent amyloid 
buds; more commonly they are symmetrically compressed by amy- 
loid which forms a pressure concentration zone at their periphery. 
From these encasements many cells, their membranes intact, have 
retracted in fixation. There is microscopically no evidence that 
amyloid invades the cell from this periphery except by one method 
which will later be described. It is apparent that by far the greater 
amount of amyloid replacement occurs as follows: the cell first dies 
by loss of its blood supply, leaves its empty lacuna in a field of amy- 
loid and, then only, amyloid expands to fill this interval. This 
feature explains the picture of multiple whorls so often seen in a 
field of solid amyloid. 

Microscopically evidence is found that amyloid actually invades 
the cell by only one method, a method independent of the con- 
centration of the pericellular amyloid, inasmuch as it occurs in 
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fields in which a pericapillary amyloid bud simply contracts with 
one side of a muscle cell as well as in fields in which the cell is at 
certain levels densely surrounded. There is evident from serial 
cross-sections an actual invasion of the cell by amyloid, with penetra- 
tion of the cell wall by the amyloid which within the cell extends 
bipolarly leading to peripheral concentration of the myofibrillae and 
lateral nuclear displacement. This intracellular amyloid lies in the 
position of the sarcoplasm. The entire group of intracellular struc- 
tures in cells invaded in this manner are intact and manifest no 
changes other than displacement. There is no evidence of vacuoliza- 
tion or other cell response usually seen in the presence of intracel- 
lular foreign bodies. This observation presents a feature thus far 
entirely foreign to our knowledge of cellular pathology. The actual 
penetration of a fixed cell wall by a foreign substance without cellu- 
lar destruction or recognizable alteration other than displacement is 
unique. The fraying out of the cells at the portal of entry of these 
invading buds offers many possibilities as to the nature of the muscle 
cell wall, which hitherto have been unsuspected. 

The serial cross-sections, therefore, establish the fact that the ap- 
parent indiscriminate invasion of the muscle cells from the periph- 
eral concentration zones is purely a sectional and distortional arti- 
fact. Cellular invasion occurs only by the method which we have 
just described, and by that method in comparatively few instances. 

The deposits in the lungs and kidneys are likewise pericapillary 
in distribution. We therefore find no substantiation for the opinion 
advanced by Beneke and Bénning to the effect that amyloid is de- 
posited in the ectoplasmic zone of the tissue cells as a result of dis- 
turbed metabolic equilibrium, which ultimately by encasement of 
the cell by amyloid leads to inanition atrophy. In fact we find no 
evidence that the amyloid bears relation to disturbed metabolism in 
any specific cell. It is our opinion that amyloid is deposited from 
the tissue lymph as a result of changes in the permeability in the 
venous endothelium. Its presence may be simply the result of 
abnormalities in the capillaries which are non-receptive to a sub- 
stance to which normally they may be permeable. 
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SUMMARY 


1. The distribution of amyloid within the myocardium in primary 
myocardial amyloidosis may be diffuse as well as focal. 

2. Its deposition within the heart may occur in the presence of 
hypertrophy as well as atrophy. 

3. It is deposited only in those tissues which have a known vascu- 
lar bed. Its presence in avascular tissue is only accomplished by 
continuity with deposits in vascular tissue. 

4. The deposition of amyloid occurs primarily about venocapil- 
lary endothelium from which it extends to surround the normal tis- 
sues, ultimately cutting off the vascular supply to the part. Then 
only the tissues atrophy and are replaced by amyloid. This con- 
stitutes the primary mode of amyloid infiltration. 

5. Amyloid gains entrance to occasional cardiac muscle cells by a 
process of invagination and ultimate penetration of the cell wall. 
This is a direct method by which myocardial cells may be replaced 
by amyloid. 

6. There is no evidence that amyloid deposit is dependent on 
localized metabolic changes, nor is there evidence of primary pericel- 
lular deposition of amyloid, from which it freely invades living cell 
substance. 

7. The deposit of amyloid apparently is dependent upon changes 
in endothelium, especially of venocapillaries, which may possibly 
become impermeable to some substance in the tissue lymph which 
may normally be present in tissue lymph and capable of permeating 
venocapillary endothelium. 
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DESCRIPTION OF PLATES 


PLATE 32 


Fic. 1. Gross photograph of heart. 
Fic. 2. Right auricle. Iodin-sulphuric acid test. Reflected light. x 13. 
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PLATE 33 


Fic. 3. Left ventricular myocardium. Iodin-sulphuric acid test. x 13. 


Fic. 4. Lung. Pericapillary amyloid in alveolar wall. x 114. 


Fic. 5. Left ventricular myocardium. Diffuse amyloid deposit. x 540. 
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PLATE 34 
Fic. 6. Myocardium. Pericapillary deposits of amyloid with partial capillary 
occlusion in left field. x 1000. 


Fic. 7. Myocardium. Abrupt termination of muscle fibers at a point at which 
capillaries pass deep into tissue. 


Fic. 8. Myocardial cell invaginated by amyloid. x 2000. 


Fic. 9. Same cell as Fig. 8, in serial section showing penetration of amyloid 
into sarcoplasm. The mass of amyloid is continuous with that in Fig. 8. 
X 2000. 
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GENERALIZED AMYLOIDOSIS OF THE MUSCULAR SYSTEMS * 


SHIELDS WARREN, M. D. 


(From the Pathological Laboratories, New England Deaconess and Collis P. 
Huntington Memorial Hospitals, and the Department of Pathology, 
Harvard Medical School, Boston, Mass.) 


Amyloidosis of parenchymatous organs, particularly of the liver, 
spleen and kidneys, is too commonplace to attract attention. How- 
ever, amyloidosis of other structures is rare. The so-called amyloid 
tumors, while rare, are fairly well known. The tongue! and upper 
respiratory passages are the usual sites.” 

Amyloidosis involving the heart has been reported. Kann * 
describes a case in a 77 year-old male dying of carcinoma of the 
esophagus, complicated by tabes dorsalis, and with a history of 
chronic alcoholism. The heart was markedly hypertrophied, the 
left ventricle measuring 1.9 cm. in thickness. There was diffuse 
amyloid surrounding the myocardial fibers, causing more or less 
atrophy of them. The blood vessels of the heart as well as the pul- 
monary artery with its vasa vasorum showed marked amyloidosis, 
particularly in the media. The bronchial lymph nodes showed 
tuberculosis. 

Steinhaus ‘ describes a case in a 40 year-old male with profuse 
rectal hemorrhage as the chief clinical feature. At autopsy general- 
ized amyloidosis of the heart, stomach and intestine was found, the 
musculature appearing in gross homogeneous and glassy. No un- 
derlying process which could explain the condition was detected. 

In three cases reported by Lubarsch,® widespread amyloidosis of 
the muscular systems occurred. In the first case, a man 54 years of 
age, empyema was found. The heart, skeletal and smooth muscle, 
and the corium all showed amyloidosis. In his second case, a woman 
66 years of age, who died of purpura hemorrhagica and mitral en- 
docarditis, amyloid was deposited in the heart, tongue, skin and 
smooth muscle. Carcinoma of the pylorus was the cause of death 
in the third case, a 45 year-old man, whose heart, intestinal mus- 
culature, spleen, lymph nodes and prostate were the sites of amyloid 
deposition. This group, with the possible exception of the first, had 


* Received for publication November 7, 1929. 
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lesions which might well have accounted for the production of 


amyloid. 
Three cases of local amyloidosis of the seminal vesicles are re- 


ported by Erlach.® 
Mallory ’ has seen one case of amyloidosis of the bladder. 


CASE REPORT 


Clinical Note: A. J. No. 4557. Female, 54 yearsofage. Referred to Collis P. > 
Huntington Memorial Hospital Oct. 5, 1928, by Dr. R. B. Greenough for study 
of tongue. For past fourteen months she had had “canker sores” and for past 
six months swelling of left and right submaxillary regions. Tongue showed 
smooth patches of epithelium with indurated foci beneath on both sides, and on 
the right side a deep ulcerated focus. Biopsy was done by Dr. C. C. Simmons 
and a pathological diagnosis of leukoplakia with a question of beginning carci- 
noma was made. It was noted that the underlying fibrous tissue was extremely 
dense. 

General physical examination was essentially negative except that there was 
no excursion of the diaphragm, the abdominal muscles were tense and the walls 
of the blood vessels were palpable. The Wassermann test was negative. Ex- 
amination of the blood showed only slight secondary anemia. Nov. 27, 1928,a 
general increase in size of the tongue was noted and a diffuse painless thickening 
appeared within both cheeks. Several low voltage X-ray treatments were 
given the tongue without producing much change. March 7, 1929, examination 
by Dr. J. C. Aub showed the tongue markedly enlarged, thickened and hard, 
the muscles of the shoulder girdles hard and tense, whereas the muscles of the f 


upper arm were soft and flabby. The musles of the thighs and abdomen were 
hard and tense. April 9, 1929, patient died at her home without definite clinical 
findings, and an autopsy was performed at the Palmer Memorial Hospital. 


Autopsy FINDINGS 


Body: Is that of a well developed and fairly well nourished 
elderly white female. Weight about 135 pounds. Rigor mortis 
slight. No postmortem lividity. Musculature of chest wall and 
abdomen extremely tense. Musculature of shoulders prominent. 
Both thighs considerably enlarged, left more than right, musculature 
very hard and firm. Slight edema of both legs. Musculature above 
both shoulders firm and hypertrophied. 

Head: Moderate amount of gray hair. Contour of skull normal. 
Pupils equal, regular, 4 mm. in diameter. Ears and nose negative. 
Firm, symmetrical swellings at both angles of mouth. Tongue firm, 
rubbery and protrudes slightly from mouth, bulging between teeth 
laterally. 
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Primary Incision: Y type. Panniculus adiposus 4 mm. thick. 
Fat translucent and watery. Musculature of abdominal wall gray- 
ish and tough, cutting like gristle. 

Peritoneal Cavity: Surfaces smooth and shining. No free fluid. 
Appendix thickened, 8 cm. long, retrocecal. Diaphragm 4th rib 
right, 5th space left. Mesenteric lymph nodes slightly enlarged. 
Cisterna chyli considerably dilated. 

Pleural Cavities: Right, surfaces smooth, contains approximately 
100 cc. of clear, straw-colored fluid. Left almost completely obliter- 
ated by dense fibrous adhesions. 

Pericardial Cavity: Surfaces smooth and shining but pericardium 
definitely thickened and stiff. 

Heart: Weight 410 gm. Over epicardium along vessels are rough, 
thickened, gray foci. Wall of left auricle is strikingly thickened and 
leathery, measuring 0.7 cm. in diameter. On section no muscle 
fibers seen in auricular walls, which are white and firm. On lateral 
aspect of right ventricle just below tricuspid valve is a firm white 
mass embedded in musculature measuring 1.5 by 2.5 cm. in diameter. 
Near apex of left ventricle is a firm whitish mass fading imper- 
ceptibly into musculature measuring 3 by 2.5 by 1 cm. This is 
covered by epicardium. On section these foci are white, glistening, 
tough and show traces of preéxisting markings. No abnormalities 
of valves noted. Endocardium negative. Coronaries thickened but 
not calcified. 

Lungs: Both lower lobes dark red, injected and meaty. From 
left lower lobe a moderate amount of grayish red thick fluid can be 
expressed. Anterior mediastinum practically obliterated by thick- 
ened fibrous tissue which overlies pericardium and causes it to adhere 
closely to under surface of sternum. 

Diaphragm: Cuts with marked resistance. Both serosal surfaces 
white and thickened and musculature is dry, gray and gristly. 
Diaphragm ranges from o.5 to 1 cm. in thickness. Both crura of 
diaphragm are greatly thickened, right more than left, and they 
compress aorta. 

Spleen: Weight 110 gm. Capsule smooth. On section normal 
markings distinct. Slight amount of pulp is scraped away. 

Pancreas: Weight 85 gm. Negative. 

Gastro-Intestinal Tract: Entire musculature moderately thick- 
ened, tough and elastic, suggesting hypertrophy of musculature 


164 WARREN 


above a point of partial obstruction. However, no obstruction 
made out. Otherwise negative. Marked muscular thickening about 
anus. 

Liver: Weight 1230 gm. Capsule smooth. On section markings 
distinct, purplish red in color. 

Gall Bladder: Wall 0.4 cm. thick, firm and gray. Contains ap- 
proximately 80 cc. of yellowish bile. Bile ducts patent. 

Adrenals: Negative. 

Kidneys: Right 145 gm., left 155 gm. Reddish brown in color. 
On section normal markings distinct. Capsule strips readily from 
smooth surface. Glomeruli visible. Pyramids well marked. Pelves 
negative. Ureters negative. 

Bladder: Wall considerably thickened, elastic and pale. 

Genitalia: Two large, pedunculated, subserous, calcified, irregular 
masses, one 6 cm., the other 8 cm. in diameter, are adherent to 
fundus of uterus. On section uterus negative. Tubes and ovaries 
negative. External genitalia negative. 

Veins: Wall of vena cava half again as thick as normal and some- 
what stiff. 

Aorta: Scattered, deep yellow atheromatous plaques in abdominal 
and thoracic portion. At left of celiac axis aorta compressed and 
forced to left by hypertrophied crura of diaphragm. 

Thyroid: Negative. 


Microscopic EXAMINATION 


Heart: Between muscle fibers and in many instances compressing 
them is a hyaline acidophilic deposit fairly abundant and in some 
places causing practically complete atrophy of fibers. Endocardium 
somewhat thickened and irregular with similar glossy, translucent 
material. 

Lung: Moderately congested. Alveoli contain large numbers of 
phagocytes distended with fat droplets, sometimes attaining a very 
considerable size. At one point these are surrounded by fibrous 
tissue. Media of blood vessels somewhat thickened and acidophilic 
with scattered compressed cells present. Pleura moderately thick- 
ened by fibrous tissue and small amounts of acidophilic hyaline 
material. 

Diaphragm: Serosal surface greatly thickened by fibrous tissue 
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with slight lymphocytic infiltration. Only few nuclei in fibrous tis- 
sue, and pale acidophilic hyaline material giving the typical re- 
actions for amyloid present. Media of blood vessels considerably 
thickened and hyalinized. Muscle fibers in diaphragm atrophic and 
some have entirely disappeared and are embedded in a very dense, 
almost acellular, hyaline acidophilic matrix, giving the typical 
reactions for amyloid. 

Spleen: Hyaline thickening of intima of smaller blood vessels and 
of media of larger blood vessels. Otherwise negative. 

Pancreas: Slight postmortem change. Otherwise negative. 

Stomach: In outer portion of muscularis muscle cells compressed 
and in many places replaced by hyaline, amorphous, acidophilic 
substance giving the typical reactions for amyloid. 

Small Intestine: Similar material involving both circular and 
longitudinal muscular coat. In some places this change is so marked 
in the longitudinal coat that only occasional atrophic fibers are 
present in a wide expanse of hyaline matrix. Mucosa essentially 
negative. 

Liver: Some hepatic arterioles almost obliterated by marked 
hyaline acidophilic infiltration of media. Liver cells essentially 
negative. Some slight congestion. Sinusoidal endothelium slightly 
more prominent than usual. 

Gall Bladder: Wall markedly edematous. Blood vessels show 
hyaline material in media. 

Adrenal: Slight increase in fibrous tissue involving zona glomeru- 
losa. Hyaline infiltration of media of blood vessels. 

Kidney: Congestion. Some sclerosed glomeruli. Edema in some 
tubules. Larger vessels show hyaline infiltration of media. 

Bladder: Scattered atrophic small muscle fibers embedded in a 
very dense acidophilic, homogeneous hyaline stroma giving typical 
reactions of amyloid. Large deposits of similar substances in walls 
of arteries and veins. 

Uterus: Small, partly encapsulated nodule shows peripherally 
interlacing bands of fibers embedded in a somewhat hypertrophied 
stroma and showing centrally only occasional scattered muscle 
fibers embedded in a dense hypertrophied stroma giving typical 
reactions of amyloid. Remainder of uterine musculature in some 
portions normal, in other portions atrophic and embedded in homo- 
geneous matrix giving reactions of amyloid. 
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Breast: Marked irregularity of structure. Some epithelial 
hyperplasia in ducts. Much connective tissue is hyalinized and 
gives reactions typical of amyloid. At one point there is a consider- 
able portion of osteoid tissue and bone with a formation of somewhat 
fibrotic marrow. 

Lymph Node: Moderate hyperplasia. 

Aorta: Moderate thickening of intima. Some fibrosis of media. 

Mesenteric Vessels: Marked infiltration of media by hyalinized 
material giving characteristic staining reactions of amyloid. 

Striated Muscle (Rectus Abdominis): Broad strands of hyaline 
material with occasional compressed fibroblasts. Also, compressed 
muscle cells set in a matrix of hyaline acidophilic material giving 
typical staining reactions of amyloid. 

Smooth Muscle: Atrophic fibers embedded in homogeneous 
matrix with typical staining reactions of amyloid. 

Cheek: Beneath corium, masses of hyaline material compressing 
fibroblasts and surrounding and compressing striated muscle fibers. 
This material gives typical staining reactions of amyloid. 

Tongue: Connective tissue contains large masses of hyaline 
material giving typical staining reactions of amyloid. Similar sub- 
stance in media of blood vessels and surrounding and compressing 
striated muscle fibers. Moderate endothelial and lymphocytic 
infiltration beneath epithelium. 

Anatomical Diagnoses: Amyloidosis of heart, diaphragm, intes- 
tine, stomach, esophagus, muscles of thighs, chest, abdomen, 
tongue and cheeks, bladder, gall bladder, arteries and veins; broncho- 
pneumonia; healed pleuritis, left; hydrothorax, right; leiomyoma of 
uterus with amyloidosis. 


DISCUSSION 


Amyloidosis is practically always associated either with wasting 
diseases, chronic inflammation or a tumor process. In the present 
case, as in the case of Steinhaus, we seem to be dealing rather with a 
widespread perversion of function of the connective tissue elements 
of the muscular structures of the body, involving smooth muscle, 
striated muscle and heart muscle. There is no indication of any pro- 
cess which might have brought about this change in function. The 
extremely unusual finding of bone in the stroma of breast tissue 
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showing only slight chronic mastitis suggests that this amyloidosis 
is perhaps the expression of a widespread dysfunction of fibroblasts. 

In the light of the distribution of the substance, there can be no 
question but that it is the product of abnormal fibroblastic activity 
as in many places it has formed at a considerable distance from blood 
vessels. A striking feature is the relatively large amount of amyloid 
laid down in some places in the heart, forming in gross discrete 
tumor masses, and in the longitudinal muscular coat of the small 
intestine, the muscle fibers being separated from one another by 
interspersed deposits of amyloid more than five times the diameter 
of the fibers themselves. ; 

There is no evidence of amyloidosis in the organs usually affected, 
such as the liver, spleen and kidney, other than a slight involve- 
ment of the media of their blood vessels. 


SUMMARY 


A case of generalized amyloidosis of the muscular systems is 
reported. The evidence indicates a widespread perversion of fibro- 
blastic function. The parenchymatous organs are not involved. 
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DESCRIPTION OF PLATES 


PLATE 35 


Fic. 1. Median section through heart showing replacement of wall of left 
auricle by amyloid, mass of amyloid near apex, and small foci of amyloid 
about blood vessels in ventricular walls. A small portion of right auricle 
with walls similar to left is shown. 


Fic. 2. Wall of left ventricle showing extensive amyloid deposits and extreme 
hydropic degeneration of myocardial fibers. X 200. 
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PLATE 36 


Fic. 3. Diaphragm. Marked deposit of amyloid with atrophy of muscle fibers. 
X 200. 


Fic. 4. Deposition of amyloid in muscularis of stomach showing marked 
atrophy of smooth muscle fibers. X 200. 


Fic. 5. Tongue showing replacement of striated muscle by hyaline connective 
tissue and amyloid. X 200. 


Fic. 6. Formation of bone in stroma of breast. X 200. 
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A COMPARISON OF THE LESIONS OF FOWL-POX AND 
VACCINIA IN THE CHICK WITH ESPECIAL 
REFERENCE TO THE VIRUS BODIES* 


C. EUGENE WooprRvuFF 


(From the Department of Pathology, Vanderbilt University School of Medicine, 
Nashville, Tenn.) 


The study of filtrable virus diseases has repeatedly been com- 
plicated by observers who have claimed an identity of unrelated 
viruses. The attempt to prove that the virus of fowl-pox will pro- 
duce the characteristic lesions of vaccinia in rabbits and in man was 
refuted by Andervont ! in a careful study of the subject. Recently 
work has appeared in which the characteristic lesion of fowl-pox in 
the chicken is reported to have been produced by the vaccinia virus. 
Ludford ? claims that “the virus bodies produced by vaccinia in 
epidermal cells of the skin and cornea of the chick are exactly the 
same as those of fowl-pox.’”’ My own experience with the virus 
bodies in the two diseases in question has been so completely dif- 
ferent that a series of experiments was started in the hope of clarify- 
ing the matter. 


EXPERIMENTAL WORK 


Six small chicks (4 weeks) were prepared for inoculation by pluck- 
ing the feathers from the sides of the head (technique suggested by 
Findlay *). Two of the chicks were inoculated with stock vac- 
cinia virus (Squibb), two with fowl-pox virus alone, and two with 
fowl-pox virus mixed with vaccinia virus. The chicks were kept in 
separate cages to prevent accidental infection. 

Three days after the inoculation, the skin on the heads of all the 
chicks was found to be slightly indurated, and the feather follicles 
swollen. The lesions caused by the fowl-pox virus alone were pale, 
while the other four lesions appeared slightly inflamed. After five 
days the swelling had become more pronounced on all of the chicks, 


* Work done while a Fellow in Medicine of the National Research Council. 
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being much greater however in the lesions where fowl-pox was a 
factor. This same difference in the extent of the swelling was noted 
after seven days. After three days, five days and seven days pieces 
of skin from each of the three types of lesions were removed for 
microscopic sections. 

Since the Guarnieri bodies of vaccinia are reported as being more 
readily demonstrated in the cornea than in the skin of the fowl,‘ 
corneal inoculations with the vaccinia virus were made on seventeen 
chickens as well as on a large number of rabbits and rats. Some of 
the chickens were immune to fowl-pox while others were normal. 
The condition of immunity to fowl-pox apparently made no dif- 
ference in the chicken’s response to the vaccinia virus. 

For comparison with the vaccinia lesions a number of chickens 
were inoculated on the cornea with fowl-pox virus. All of the fowl- 
pox inoculations were made with the virus which we have used ex- 
perimentally for the past two and a half years.® For the various vac- 
cinia inoculations four different samples of stock vaccine (Squibb) 
were used, as well as a substrain of the Levaditi neurovaccine. 


Microscopic FINDINGS 


The marked contrast in the histology of the vaccinia and fowl-pox 
lesions is illustrated in Figs. 1 and 2. Each figure represents a sec- 
tion from a seven-day lesion. In the vaccinia lesion, Fig. 1, there is 
very little epithelial hypertrophy and hyperplasia compared to the 
great epithelial overgrowth in Fig. 2. In the latter section the 
swollen feather follicles make tumor-like projections into the sub- 
cutaneous tissue, or appear as circular masses of cells where they 
have been cut transversely. The inflammatory reaction, on the 
other hand, is more pronounced in the vaccinia lesion which shows 
the subcutaneous tissue heavily infiltrated with lymphocytes and 
large mononuclear cells. Both sections show a considerable amount 
of fibroblast proliferation as well as a definite infiltration with eosino- 
philes. Guarnieri bodies were not found in the skin of the chick, 
although chicken corneas inoculated with the same vaccinia virus 
showed typical Guarnieri bodies. 

In the mixed lesion, due to the two viruses, the fowl-pox predomi- 
nates, presenting a picture similar to that shown in Fig. 2. Except 
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for the more marked infiltration of lymphocytes and large mono- 
nuclear cells in the mixed lesion this could not be differentiated 
from the lesion due to fowl-pox alone. 

The most characteristic difference between the lesions produced 
by the two viruses is seen in the virus bodies. In the skin of the chick 
no virus bodies whatsoever were found following inoculation with 
vaccinia virus, while, in the cornea, the largest Guarnieri bodies of 
vaccinia were rarely found one-fifth the size of the Bollinger bodies 
of fowl-pox. Figs. 3 and 4 indicate the difference, the black bodies 
in Fig. 3 representing Bollinger bodies magnified 300 diameters, 
while the three central cells at the bottom of Fig. 4 contain Guarnieri 
bodies magnified 1200 diameters. Moreover we have found that in 
the cornea of the chick, as in that of the rabbit and rat, Guarnieri 
bodies may best be demonstrated forty-eight to seventy-two hours 
after inoculation, while the virus bodies of fowl-pox reach their 
maximum size only after seven to ten days. 

Aside from these differences in size and time of appearance the 
virus bodies of fowl-pox, whether occurring in the skin or the cornea 
of the chick, are invariably found to have a lipoid component as 
demonstrated by fat stains of frozen sections, Fig. 3. In Guarnieri 
bodies, on the other hand, we have never obtained a positive fat 
reaction, and numerous sections have been stained for fat from both 
skin and corneal lesions in chickens, rabbits and rats. This differ- 
ence in their reaction to fat stains we have found to be an infallible 
criterion in differentiating between the virus bodies of fowl-pox and 
vaccinia. 


DISCUSSION 


Our experiments confirm the observations of Andervont! that 
characteristic Guarnieri bodies result from the inoculation of vac- 
cinia virus on the cornea of chickens. These bodies, due to their 
size, time of appearance, and their failure to be colored by fat 
stains, cannot possibly be confused with the virus bodies of fowl-pox. 
However, the inoculation of mixed vaccinia and fowl-pox viruses 
on the skin of the chick produces a lesion in which the picture of 
fowl-pox predominates, with the formation of virus bodies char- 
acteristic of the latter disease. 
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Ludford,? in his description of the virus bodies produced in chick 
epithelium by the vaccinia virus, mentions the lipoidal coating of 
the bodies. Moreover he concludes his paragraph on this lesion with 
the sentence: “‘ This study of the vaccinia virus inclusions in cells of 
the epidermis of the chick has shown . . . that both as regards their 
structure and their mode of origin, they are identical with the virus 
bodies of fowl-pox . . .” 

Findlay,’ writing in the same volume, finds no serological rela- 
tionship between the viruses of vaccinia and fowl-pox, yet he is 
apparently ready to accept without question the statement that 
“‘the virus of vaccinia produces exactly similar lesions in the skin 
of the chick to those caused by the virus of fowl-pox .. .” Ludford, 
in his communication, gives credit to Findlay for his pathological 
material, so it is questionable who is responsible for the error we 
feel sure has occurred. In any case we can see no other explanation 
for Ludford’s work than that he was either mistakenly dealing with 
a fowl-pox lesion or with a lesion due to the mixed viruses of vac- 
cinia and fowl-pox in which the inclusions of the latter predominated. 


SUMMARY 


1. The histology of lesions obtained in chick epithelium follow- 
ing inoculation with vaccinia virus alone, fowl-pox alone, and the 
two viruses mixed, is described. 

2. The characteristic virus bodies of fowl-pox, whether occurring 
in the skin or the cornea of the chick, give a positive reaction for fat. 
The Guarnieri bodies of vaccinia do not stain for fat. 

3. Ludford’s statement regarding the identity of the virus bodies 
of vaccinia and fowl-pox in the chick is refuted. His observations 
are due, it is believed, to the utilization of tissue from a mixed lesion 
of fowl-pox and vaccinia. 


REFERENCES 


1. Andervont, Howard B. The relationship of the epithelioma contagiosum 
virus of fowls to the vaccine virus. Am. J. Hyg., 1926, 6, 7109. 


2. Ludford, R. J. Cytological studies on the viruses of fowl-pox and vaccinia. 
Proc. Roy. Soc., London, Series B, 1928, 102, 406. 


FOWL-POX AND VACCINIA 173 


Findlay, G. Marshall. Immunological and serological studies on the 
viruses of fowl-pox and vaccinia. Proc. Roy. Soc., London, Series B, 
1928, 102, 354. 


Andervont, Howard B. Is the formation of Guarnieri bodies an exclusively 
mammalian response to infection with the vaccine virus? Am. J. Hyg., 
1926, 6, 618. 


Woodruff, C. Eugene, and Goodpasture, Ernest W. The infectivity of 
isolated inclusion bodies of fowl-pox. Am. J. Path., 1929, 5, 1. 


> 


DESCRIPTION OF PLATES 


PLATE ‘37 


Fic. 1. Vaccinia lesion in skin of chick, seven days after inoculation. There is a 
marked infiltration of the subcutaneous tissue with lymphocytes and large 
mononuclear cells. The feather follicle at the left is filled with necrotic 
cellular débris. Hematoxylin and eosin. x 40. 

Fic. 2. Fowl-pox lesion in skin of chick, seven days after inoculation. The 


extreme swelling of all the epithelial structures is apparent. The dark 
bodies in the swollen epithelial cells are the virus bodies. Hematoxylin 


and eosin. x 40. 
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PLATE 38 


Frc. 3. Fowl-pox lesion in cornea of chick, seven days after inoculation. The 
black bodies are the virus bodies, which are stained a brilliant red with the 
Scharlach R. Frozen section. Herxheimer’s stain. x 300. 


Fic. 4. Vaccinia lesion in cornea of chick, three days after inoculation. Guarni- 
eri bodies may be seen in three of the cells on the basement membrane. 
Hematoxylin and eosin. x 1200. 


Fic. 5. Higher magnification of one of the cells pictured above. The areola 
about the Guarnieri body and the dell in the nucleus are clearly shown. 
Hematoxylin and eosin. x 1900. 
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THE: VALUE OF THE ARNETH COUNT IN DETERMINING 
THE AGE OF NEUTROPHILE (AMPHOPHILE) LEUCOCYTES 
(RABBIT)* 

Tue AcTION OF BENzoL VIII 


Emity Hunt H. G. WEISKOTTEN 


(From the Department of Pathology, Syracuse University College of Medicine, 
Syracuse, N. Y.) 


In 1904 Arneth published a monograph, “‘Neutrophile Leuco- 
cytes in Infectious Diseases,” ! based on a-study of blood smears 
from many different cases of acute and chronic infections. He stated 
that the most important morphological changes were found in the 
nuclei of polymorphonuclear neutrophile leucoctyes. He divided 
these leucocytes into five different classes according to the arrange- 
ment of the nuclear material. 

Briefly the classes are: Class I, mononuclear forms of the myelo- 
cyte type or with slightly indented nuclei; Class II, those with two 
distinct nuclear lobes; Classes III, IV, and V, showing three, four 
and five lobulations of the nuclei respectively. Each class has sub- 
divisions according to the shape of the nuclear portions, whether 
round or S-shaped. Arneth stated that the percentage of cells in 
the various classes is constant in health but changes in infectious 
conditions, the change usually being in the direction of an increase 
in the percentage of Classes I and II, and decrease or disappearance 
of cells in Classes III, IV and V. He interpreted these findings by 
assuming that the simpler nuclei represent an earlier stage of de- 
velopment and in infectious processes the older cells are replaced by 
those of a younger generation. Particular emphasis has been given 
to the prognostic value of this classification in pulmonary tuber- 
culosis.? 

Since Arneth’s report various other investigators * have studied 
the question of the nuclear lobulations of the polymorphonuclear 
leucocytes and several simplifications of the original classification 
have been made. 

v Experimental verification of the interpretation of Arneth’s clas- 
sification would seem to be possible in a situation where, following a 


* Received for publication October 21, 1929. 
175 


} F 
4 
| 
4 
¥ 
| 
j 
i = 
i 
| 
i 
i 
i 


176 HUNT AND WEISKOTTEN 


marked leukopenia, a large number of polymorphonuclear leuco- 
cytes are known to be produced rapidly and pass into the circulating 
blood so that leucocytes known to be in varying stages of the life 
cycle could be studied. Such a situation is offered in the conditions 
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Cuart 17 (Exp. 23.10). Total leucocyte curve. 


resulting from subcutaneous injections in rabbits of an olive oil- 
benzol mixture such as have been reported in previous articles of 
this series. 

Article I * of this series shows that, as a result of such injections, 
there is a rapid decrease in the number of leucocytes in the periph- 
eral circulation, after which a primary rise occurs. This is in turn 
followed, in each case, by a secondary fall and a secondary rise to a 
normal level, similar to that existing before the injections were 
made (Chart 17). The term “‘protophase” was applied to the pri- 
mary fall and rise and “deuterophase” to the subsequent fall and 
rise. In articles V ° and VII ® of the series it has been further pointed 
out that the cells chiefly involved in the diphasic leukopenia are 
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polymorphonuclear amphophiles and that the phenomenon is ac- 
companied by marked aplasia of the bone marrow following the in- 
jections, with active regeneration occurring at the time of the 
deuterophasic rise. This deuterophasic rise is the result of the 
entrance into the circulation from the regenerating marrow of newly 
formed amphophiles. 

A study of the forms of the amphophile nuclei during this rapid 
increase in numbers offers excellent opportunity to test the validity 
of Arneth’s assumption that leucocytes with simple nuclei are young 
cells and those with segmented nuclei are more mature. 


EXPERIMENTS 


The study was made as follows: Smears of blood taken on several 
days preceding the benzol injections were examined to obtain a 
basis of comparison and the amphophiles counted and classified as 
described below. Counts were then made on blood smears taken 
during the time of the deuterophasic rise and the results tabulated 
in percentages of the different groups. The blood smears were 
stained with Wright’s stain. 

The method used in classifying the amphophiles is based on a re- 
port by Pons and Krumbhaar,’ the cells being arranged in four 
groups as follows: 

Group I: Cells, the nuclear material of which is in one mass, 
round, oval or indented not more than one-half through its width. 

Group II: Cells, the nuclear material of which is not divided into 
segments, but may be lobed, spiral, looped, rosette or variously 
irregular. 

Group III: Cells, the nuclear material of which shows segmenta- 
tion into two parts either entirely separate (as viewed in the smear) 
or seen to be connected by a narrow filament. 

Group IV: Cells, the nuclear material of which shows segmenta- 
tion (as in Group III) into more than two parts. 

The reason for separating Groups III and IV is that some added 
information is thus given and a clearer conception may thus be 
formed of the numerical status of the (so-called) oldest cells. Also, 
Group III seemed to form a sort of “‘middle group” which varied 
less with changing conditions than the extremes in I and IV. 

Eight cases and approximately ten thousand cells were studied. 
Cells which were badly distorted or poorly stained were not counted. 
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TABLE I 
Arneth Count (percentages) Exp. 14.38 


ARNETH COUNT 
| Unsegmented nuclei | Segmented nuclei 
| | Geoup | | Group 

Average before injection ........... 14,000 ° 31 38 36 
Extreme leucopenia ............... 500 21.6 64 7.1 7.1 
Deuterophasic rise 1st day ....... 600 4 67 20 9 

ee 2,100 1.3 65.6 27 6 

ae 9,400 8.7 45.2 28.7 17.3 

a 16,800 3 42 36 19 

ae 17,500 2.6 27 32 38 

TABLE II 


Arneth Count (percentages) Exp. 23.10 


ARNETH COUNT 
| Unsegmented nuclei | Segmented nuclei 
count 
Group I | Group II | Group III | Group IV 
Average before injection ........... 9,000 ° 29.9 35-7 34.3 
Extreme leucopenia .............. 500 
Deuterophasic rise 3rd day........ 4,460 5.8 60.8 28.9 4.3 
8,200 1.7 47-3 35 16 
6th day ....... 8,500 1.3 44.1 32.4 22 
8,980 ° 41.9 31.2 26.8 
....... 7,540 ° 36 32 32 


* Insufficient number of amphophiles found to warrant tabulation. 
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Taste III 
Arneth Count (percentages) Exp. 23.11 
ARNETH COUNT 
Nov. 17, 1923 Unsegmented nuclei | Segmented nuclei 
count 
Group I | Group II | Group III | Group IV 
Average before injection ........... 8,000 ° 31 35 34 
Extreme leucopenia ............... 200 
Deuterophasic rise 2nd day ....... 1,000 = 
SO 3,000 9-5 61.9 21.4 
6,800 6.4 48.9 21.7 22.8 
7th day ....... 7,800 3.7 42 35-5 18.7 
1oth day ...... 9,600 ° 40 37 23 


* Insufficient number of amphophiles found to warrant tabulation. 
** Smear unsatisfactory. 


In making the counts at the stage of most extreme leucopenia, a 
search of the entire slide was made and even then in some instances 
only eighteen to twenty amphophiles were found. However, as the 
character of these cells at this point was fairly uniform and clear-cut 
in every case, the results were felt to be sufficiently accurate to be 
acceptable. 

Some of the slides did not show the nuclear divisions clearly. 
The counts on these days were omitted. The results in general were 
uniform in all cases studied. Those in three cases are shown in 
Tables I, II, and ITI. 


RESULTS 


The tables show that, in the period corresponding to the regenera- 
tion of the bone marrow and consequent liberation of amphophiles 
into the circulating blood (é. e. deuterophasic rise), the following 
variations from the normal averages occur. 

1. Cells of Group L appear in the circulation in percentages vary- 
ing from 2 per cent to 21 per cent, then gradually drop out of the 
blood picture as the leucocyte count returns to normal. The counts 
made before the benzol injections show no cells of this type. 
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2. Cells of Group II are the most prominent type at the beginning 
of regeneration and in turn decrease to a percentage comparable to 
that of the average before injection. 

3. Cells of Group IV are relatively rarer in the early days of 
regeneration and increase in number until the average relation be- 
fore injection is approximated. 


CONCLUSIONS 


The cells liberated from a regenerating bone marrow in such 
quantities as to produce a rapid increase in the total number of 
circulating leucocytes must of necessity have a relatively larger 
number of recently formed cells than would normally be found. 
Such rapid increase means that new cells are entering the circulating 
blood more rapidly than those already present mature and end 
their life cycle. 

Normally the production and death of amphophiles must proceed 
at a fairly uniform rate and the percentage of young and old forms 
would be expected to remain fairly constant through this balance of 
production and destruction of the cells. The counts made on normal 
animals showed that the Arneth count remains constant within 
reasonable limits. When the total number of leucocytes is rapidly 
changing, the balance of production and death of cells is obviously 
disturbed. Such a condition resulted from the benzol injections and, 
in the portion of the curve studied, intensive production was taking 
place causing “increasing birth rate over death rate.”’ At this point 
a definite increase in the percentage of single lobed nuclei over 
multilobed nuclei was found to take place. 

The conclusion, therefore, seems justified that amphophiles with 
single lobed nuclei are the young or immature forms and that the 
number of lobes increases with maturity of the cells. 

We believe, therefore, from these studies that the Arneth count 
made from smears from the blood of the rabbit is of definite value in 
determining the relative age of the amphophiles, and that a “shift 
to the left” in the count (increase in per cent of the simpler formed 
nuclei) actually indicates a relative increase in the number of young 
or more immature amphophiles in the circulating blood. 
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THE NORMAL LIFE SPAN OF THE NEUTROPHILE 
(AMPHOPHILE) LEUCOCYTE (RABBIT) * 


Tue ActTIon oF BeNnzot IX 


H. G. WEISKOTTEN 


(From the Department of Pathology, Syracuse University College of Medicine, 
Syracuse, N.Y.) 


Heretofore apparently the life span of somatic cells in their 
normal somatic environment has not been determined accurately. 
This article establishes with reasonable accuracy the normal length 
of life in the body of the normal amphophile leucocyte from the time 
when it passes from the marrow into the blood and under somatic 
conditions which are relatively normal. 

In previous articles of this series »? attention was called to the 
fact that after exposure to the action of subcutaneous injections of 
olive oil-benzol mixture (equal parts of olive oil and benzol), the 
leucocyte curve follows a course, a portion of which we have called 
“‘diphasic leucopenia.” In an average of six days after the beginning 
of an average of four and a half daily injections of 1.5 to 2 cc. per 
kilo of body weight, the curve falls to the neighborhood of 1,000. 
This fall is followed by a primary rise to a normal level. Then, inde- 
pendently of any further injections, the curve again falls to a level 
as low or nearly as low as reached in the primary fall. Following this 
secondary fall there occurs a rise of the curve to a normal level and 
there is no evidence of any subsequent falls (Charts 18 and 19). To 
the phase of the leucocyte curve involving the first period of leuco- 
penia we have given the name “‘protophase,” and to that involving 
the second period of leucopenia the name ‘‘deuterophase.”’ 

In the fifth article * of this series it was shown that in the diphasic 
leucopenia resulting from subcutaneous injections of olive oil- 
benzol mixture in rabbits the amphophile and small mononuclear 
curves run more or less independently of each other and that the 
diphasic character of the leucopenia is essentially a polynuclear 
amphophile phenomenon. 


* Received for publication December 8, 1929. 
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HISTOPATHOLOGY 
As a basis for the subsequent discussion it is proposed to consider 


briefly at this time those features of the histopathology of the mar- 
row which have to do with the diphasic character of the leucopenia. 
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TOTAL LEUCOCYTES 


POLYNUCLEAR AMPHOPHILES 
Total leucocyte and absolute 
polynuclear amphophile curves. 


The histopathology is based on rabbits which died and on rabbits 


which were killed at various stages of the diphasic leucopenia and 
showed typical though incomplete diphasic leucopenia curves up to 
the time of death. For these reasons the histopathological pictures 


cannot be perfectly correlated with complete blood pictures be- 
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cause there are no data in regard to those parts of the blood pictures 
which would have occurred if the rabbits had survived. In the 
case of a rabbit presenting the blood picture of a typical diphasic 
leucopenia up to the time it died or was killed, there is no way of 
determining whether the remainder of the blood picture would have 
presented the completion of a typical diphasic leucopenia if the rab- 
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Cuart 19 (Exp. 14.38). Total leucocyte and absolute 
polynuclear amphophile curves. 


bit had survived. For these reasons considerable numbers of rabbits 
at stages of the diphasic leucopenia under consideration will be ad- 
vantageous for the reaching of reliable conclusions. Our conclusions 
are based upon seven rabbits dying and two rabbits killed at the 
climax of the protophase; two rabbits dying and three rabbits killed 
during the protophase rise; four rabbits dying and three rabbits 
killed at the climax of the deuterophase, and fourteen rabbits killed 
after the completion of the phenomenon. 
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The injections of the benzol mixture result in necrosis and aplasia 
of the bone marrow. In surviving animals this is followed by resolu- 
tion and regeneration. Regeneration is initiated by the develop- 
ment from various centers of islands of regenerating cells. These 
islands consist of practically pure cultures of the various bone mar- 
row cells. In the early stages of regeneration these centers are well 
isolated, some consisting entirely of myelocytes (Figs. 1 and 2), 
others of megakaryocytes (Figs. 3 and 4), and still others of nu- 
cleated red cells. Later as regeneration progresses the various cen- 
ters tend to intermingle in their growth and are accompanied by the 
mature cells which they produce. Observations bearing upon this 
matter were made by Selling,* and have been confirmed by MacCal- 
lum.® 

In relation to the diphasic amphophile leucopenia, we have con- 
fined the marrow studies to amphophiles and amphophilic myelo- 
cytes, these latter being perhaps the only cells of the marrow 
parenchyma that can be certainly identified in fixed and stained 
tissues as being forerunners of amphophiles in the blood. In the 
sections we distinguish between original and regeneration myelo- 
cytes. As mentioned above the regeneration myelocytes appear to 
be characteristic in morphology and environment. 

The regeneration myelocytes make their earliest appearance at 
the climax of the deuterophase; the earlier ones probably dif- 
ferentiating from more immature forms. 

All other amphophilic myelocytes in the marrow are like those in 
normal marrow. For this reason we designate them as original 
myelocytes. 

Examination of the marrows of rabbits dying or killed at the 
climax of the protophase, shows marked necrosis and aplasia. How- 
ever, practically all show certain numbers of amphophiles and 
original amphophilic myelocytes but no regeneration myelocytes. 
As will be emphasized later, it is these surviving amphophiles and 
surviving original myelocytes which bring about the protophasic 
rise. 

The marrows of rabbits killed at the end of the protophasic rise 
show practically complete aplasia with very few, if any, amphophiles 
or original amphophilic myelocytes, and no regeneration myelo- 
cytes. The marrow appears practically completely aplastic. 

The marrows of rabbits dying and killed at the climax of the 
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deuterophase show extreme aplasia with here and there colonies 
of regenerating cells such as described above. The sections indicate 
active regeneration occurring in practically completely aplastic 
marrows. 

The marrows of rabbits killed some time after the completion of 
the cycle apparently differed in no way from the marrow of rabbits 
which had not received injections. 


THE AMPHOPHILE CURVE 


I propose now to examine certain aspects of the amphophile curve 
and to give a correlative interpretation with certain prominent 
features of the histopathology of the marrow. Perhaps the most 
important result will be to show that low levels of the amphophile 
curve are apparently entirely dependent upon two factors, either 
one sometimes acting alone, or at other times both acting together: 

1. The extent of the destruction or death of amphophiles going 
on in the blood. 

2. The number of amphophiles in the marrow available to the 
blood. 

This will mean that low levels are independent of any alteration 
in the potential balance of physicochemical or other biological 
reactions, such as amphophilotropism. The amphophile curve re- 
mains at or below the normal level depending upon the available 
supply of amphophiles. 

As illustrated in Charts 18 and 19, there is a period of about two 
days after the beginning of injections and before the beginning of 
the protophase, during which the amphophile curve shows no effect 
of the injections. During this period, if there is any destruction of 
amphophiles in the blood, it is at once compensated for by, access 
of marrow amphophiles into the blood. 

During the protophasic amphophilic fall, destruction of ampho- 
philes in the blood cannot be fully compensated for on account of 
the effective amphophile poverty of the marrow. This accounts for 
the occurrence of the protophasic amphophilic fall. 

The first evidence of the protophasic amphophilic rise appears 
about at the end of the third day after the last injection. At this+ 
time it is likely that initiation of amphophile destruction, that is, at- * 
tack upon additional amphophiles and amphophilic myelocytes in 
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the blood and marrow has discontinued, because return of the uri- 
nary phenol curve to the level existing before injections indicates 
that the injected benzol has been eliminated. The end of the 
protophasic amphophilic rise occurs about two days later. The 
protophasic amphophilic rise is the result of access from the marrow 
to the blood of surviving mature amphophiles and of amphophiles 
differentiating from surviving original amphophilic myelocytes. 
The two processes of access and differentiation may be assumed to 
go on more rapidly with the cessation of the action of injected 
material on the involved cells. The rapidity would probably be 
accentuated as a reactive result of the existing leucopenia. 

Examination of the average amphophile curve in Chart 9,° 
shows that the amphophile level at the end of the protophasic 
amphophilic rise is the same as that existing before injections. Ex- 
amination of the amphophile curve in Chart 19 shows that it may 
remain at this level for over four days. This period of constant 
level which occurs in a considerable number of cases is of funda- 
mental interpretative importance. During this period elevations 
and depressions in the curve are due to daily variation in the ampho- 
phile count. In cases in which there occurs such a period of constant 
normal level at the end of the protophasic rise it means that the 
supply of marrow amphophiles (from original myelocytes) available 
to the blood is large enough, not only to bring about the protophasic 
amphophilic rise to the level existing before injections, but also to 
maintain it at that level for a time by compensating for the disap- 
pearance from the blood of those which perish as a result of reaching 
the end of their life history. 

In cases in which no such period of constant level (Chart 18) 
occurs it means that the supply of marrow amphophiles available to 
the blood is exhausted in bringing about the protophasic ampho- 
philic rise. As a matter of fact such supply of amphophiles is in 
some cases insufficient to bring the protophasic rise up to the 
original normal level. 

Next, the exhaustion of the supply of marrow amphophiles 
available to the blood results in the deuterophasic amphophilic fall. 
The deuterophasic amphophilic fall is directly dependent upon the 

disappearance from the blood of those amphophiles which perish. 
At the beginning of the fall, practically the total potential supply 
of amphophiles is represented by those in the blood. Among them 
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all ages are represented. At the end of the fall they have nearly all 
disappeared. This means that the youngest of them disappear 
within this period. The maximum duration of life of nearly all of 
the amphophiles in the blood is thus not more than the interval 
between the beginning and the end of the deuterophasic fall. The 
average duration of this interval computed from twenty-six cases 
of diphasic leucopenia is three and a half days. 

Perhaps the main complicating factor in connection with this 
argument is the increasing amphophile leucopenia which exists 
during the fall. This may be conceived of as placing an abnormal 
functional strain upon the amphophiles present in the blood and 
thus shortening their lives. Nevertheless the conditions approach 
vastly more nearly normal than those involved in in vitro studies of 
this problem. I know of no proof that such unusual functional cell 
activity shortens the lives of somatic cells. 

The initiation of the deuterophasic amphophilic om depends on 
access to the blood of marrow amphophiles differentiating from 
regeneration as distinguished from original amphophilic myelocytes. 
As the supply gradually increases with progressive amphophilic 
marrow regeneration, the rise continues until the level existing before 
injections is reached, as in the case of the protophasic amphophilic 
rise, and then this level is maintained. 


CONCLUSIONS 


1. Cessation of the supply of amphophiles from the marrow re- 
sults in practically complete disappearance of amphophiles from the 
circulating blood in a period of between three and four days. 

2. The average duration of life of amphophiles in the rabbit’s 
blood is between three and four days. 
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DESCRIPTION OF PLATES 


PLATE 39 


Fic. 1. Bone marrow regeneration. Island of regenerating myeloblasts (Exp. 
14.34). x 85. 


Fic. 2. Sameas Fig.1. x 1100. 
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PLATE 40 


Fic. 3. Bone marrow regeneration. Island of regenerating megakaryocytes 
(Exp. 14.34 same section as Fig. 1). x 8s. 


Fic. 4. Same as Fig. 3. 1100. 
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COMPLETE SITUS INVERSUS OF THE VENA CAVA SUPERIOR * 


Béta HALPERT AND FRANCIS D. CoMAN 


(From the Department of Anatomy, Johns Hopkins University, Baltimore, Md., and 
the Department of Pathology, University of Chicago, Chicago, Ill.) 


During the routine anatomical investigation of the body of a 
2 weeks-old, well nourished, male, negro infant, a vascular anomaly 
was found which may be termed a “complete situs inversus of the 
vena cava superior,” the arrangement and course of the dural 
sinuses, the large venous trunks of the neck, the vena cava superior 
and the vena azygos being a mirror image of the normal. The draw- 
ings by Mr. J. F. Didusch illustrate the condition. 

At the confluens sinuum the sinus sagittalis superior appeared to 
continue into the left sinus transversus (Fig. 1), while the sinus 
rectus continued into the right sinus transversus. No difference was 
noted in the size of the internal jugular veins. On the right as well 
as on the left side, the vena jugularis interna joined the vena sub- 
clavia in the usual manner. The right vena anonyma, however, had 
the usual length of a left vena anonyma, measuring about 25 mm. 
in this case and appearing rather a continuation of the vena sub- 
clavia dextra than that of the vena jugularis interna dextra. The 
left vena anonyma had the usual length of a right vena anonyma, 
measuring about 9 mm., and appearing rather a continuation of the 
vena jugularis interna sinistra than of the vena subclavia sinistra 
(Fig. 2). 

The junction of the right and left venae anonymae occurred in 
front of the arch of the aorta at about the level of the left sterno- 
clavicular articulation. The vena cava superior, thus formed, joined 
the sinus coronarius after passing between the pulmonary artery 
and the left auricle on its right and the upper lobe of the left lung to 
the left. The size of the vena cava superior sinistra was about the 
same as that of a normal right vena cava superior. It measured 
from the anonyma angle to the point of entrance into the sinus 
coronarius about 30 mm. ; the length of the greatly enlarged coronary 
sinus was about 25 mm. (Fig. 3). Before entering the pericardial 
cavity, a large venous trunk emptied into the vena cava superior 
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sinistra exactly as would the vena azygos into the normal superior 
vena cava (Figs. 2 to 4). No trace or vestige of a right vena cava 
superior was found nor was there a vena azygos on this side (Fig. 4). 
No other deviation of significance was found in the remaining trib- 
utaries of the superior vena cava. The course of the inferior vena 
cava and its tributaries was normal. 


CoMMENT 


The presence of a vena cava superior on the left side as well as on 
the right is the normal condition in certain animals. Such an ar- 
rangement of the great venous trunks in man is rather infrequent. 
If present, the anomaly may be looked upon as persistence of a con- 
dition existing only during the latter part of embryonic, and the be- 
ginning of fetal life.'* Of this anomaly well over a hundred cases 
have been reported up to 1916* and undoubtedly many more ob- 
served.* The presence of a left vena cava superior without a right 
vena cava superior is a far more spectacular condition and one less 
likely to be overlooked. Yet in the available literature to date 
there appear to be records of only about seventeen cases. 

According to Krause,5 Cheselden ® reported the first case. The 
complete report, however, printed in the Philosophical Transactions 
of the Royal Society of London in 1713 reads as follows: “‘A heart, 
with the vena azygos inserted into the right auricle; and the de- 
scending cava coming round the basis of the heart, above the aorta 
and pulmonary vessels, to enter the auricle at the lower part with 
the ascending cava.”’ The brevity of this description leaves some 
doubt as to the existence of an actual situs inversus of the superior 
vena cava with complete absence of the right vena cava superior. 

The first detailed description of a case in which the superior vena 
cava showed a complete situs inversus was given by Halbertsma’ 
in 1862. His observations were made on an injected heart, ap- 
parently of an adult. The two innominate veins united in front of 
the arch of the aorta to form the superior vena cava which ran from 
above downward and to the left, thence continuing in front of the 
pulmonary artery, and between the pulmonary veins and left 
auricle it reached the coronary sulcus and passing to the right 
emptied into the right atrium below and to the left of the inferior 
vena cava. The vena azygos emptied into the left vena cava supe- 
rior 4 cm. below the union of the innominate veins. 
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In 1876 Greenfield * reported to the Pathological Society of Lon- 
don a case of a male, aged 39 years, in which due to an abnormal 
mode of development of the great venous trunks the left duct of 
Cuvier instead of the right, persisted as the main channel for the 
venous blood from the head and upper limbs to the right atrium. 
In this case apparently the left trunk alone persisted; “‘the right, if 
present, which is doubtful, being represented by only a very small 
vein: the usual condition being thus reversed, and the whole of the 
blood from the upper extremities and head entering the coronary 
sinus. . . . The heart was unfortunately removed before the relation 
of the great vessels was traced.” 

In 1880 Gruber ® described the transposition of the normal re- 
lationship of the innominate veins in an adult male, 7. e., the vena 
anonyma dextra was the longer of the two and ran obliquely down- 
ward to the left. The innominate veins united to form a left vena 
cava superior. There was no trace of a right vena cava superior. A 
vena intercostalis suprema, a vena hemiazygos superior, and a vena 
hemiazygos inferior were found on the right side; a vena inter- 
costalis suprema and a vena azygos were noted on the left side. 

The persistence of a vena cava superior sinistra and the absence 
of the normal right vena cava superior in a man 26 years old, de- 
scribed by Weigert ?° in 1881, was attributed to an early synostosis 
of the sutura mastoidea, aplasia of the right transverse sinus and of 
the right internal jugular vein. The superior sagittal sinus continued 
into the left transverse sinus. The jugular foramen on the right was 
only one-third the size of that on the left. 

The next undoubted case of complete situs inversus of the vena 
cava superior was presented in 1892 by Bédart " before the Society 
of Anthropology of Paris. No remnant of a right vena cava superior 
was present. The author gives only a meager description and apolo- 
gizes for presenting the case which according to him represented a 
condition frequently reported previously. No references, however, 
are given. 

In 1893 Boyd” demonstrated before the Anatomical Society of 
Great Britain and Ireland a complete situs inversus of the superior 
vena cava in a fetus. No trace of a right vena cava superior or duct 
of Cuvier could be found. There were two azygos veins of equal size: 
the right emptied into the right innominate vein, the left into the 
left vena cava superior. 
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In 1899 Miausert * described a complete situs inversus of the 
vena cava superior in a 4 year-old girl, dead from diphtheria. The 
right vena cava superior was entirely absent and the left vena cava 
superior emptied into the greatly enlarged coronary sinus which in 
turn opened into the right atrium, a little more to the left than is 
usual. The heart was otherwise normal. There were two azygos 
veins: a larger left emptied into the vena cava superior just before 
it entered the pericardial sac, a narrow right emptied into the right 
innominate vein. 

In 1910 Gozuloff described a complete situs inversus of the vena 
cava superior in a 30 year-old male typhus victim. The anomaly 
was noted six years previously by V. P. Oven in the course of routine 
dissection in the Department of Anatomy, University of Kiev. No 
trace of a right vena cava superior was present. The vena azygos 
emptied into the left superior vena cava 5.5 cm. below the junction 
of the innominate veins. The vena hemiazygos emptied into the 
vena azygos. 

Dietrich * in 1913 described a complete situs inversus of the su- 
perior vena cava in a 29 year-old woman who died of fibroxantho- 
sarcomatosis. There was no vena azygos on the right side. The 
left vena azygos entered the superior vena cava just before it pierced 
the pericardium. 

Schiitz * in 1913 reported a clear-cut complete situs inversus of 
the vena cava superior in a male, aged 61 years. “‘ Vena cava supe- 
rior in latere sinistro descendens (ductus Cuvieri sinister persistens). 
Vena azygos sinistra, vena hemiazygos dextra.”’ This case had been 
recorded previously by Genersich in the Hospital Annals of the City 
of Budapest in 1910. Schiitz mentions an exactly similar case noted 
in the First Pathological Institute of the University of Budapest. 

Niitzel "” in 1914 described a case, in a 25 year-old male, in which 
the only vena cava superior present was the left. This opened into 
the coronary sinus at the atrioventricular border line. The coronary 
sinus was large and although emptying into the left atrium com- 
municated also with the right. At the junction of the superior vena 
cava and the coronary sinus emptied the vena cordis magna “‘linke 
Kranzvene.”” The vena azygos opened into the vena cava superior 
sinistra. 

Smith '* in 1916 described a complete situs inversus of the vena 
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cava superior in a middle-aged male. There was no trace of a right 
vena cava superior. The vena cava superior sinistra emptied into 
the coronary sinus which joined the inferior vena cava at its entrance 
into the right atrium. 

Monckeberg ' (1924) found in the collection of the Pathological 
Institute of Tiibingen, the heart of an adult which apart from the 
persistence of the left vena cava superior and absence of the right, 
presented no other developmental or pathological changes. 

Benda” (1924) mentions a complete situs inversus of the vena cava 
superior in an adult male, and illustrates the case with diagrams. 

Villa #4 (1926) working apparently on an adult body noticed the 
presence of a left vena cava superior which continued into the sinus 
coronarius. He found no trace of a right vena cava superior; the 
vena azygos emptied into the left vena cava superior. 


DISCUSSION 


In terms of embryology the vena cava superior consists: (a) of a 
proximal portion which is identical with the duct of Cuvier, and (0) 
of a distal portion formed by the terminal part of the vena cardinalis 
superior. The cardinal portion of the superior vena cava begins 
at the junction of the innominate veins, its transition into the 
Cuvierian portion is marked, of course, by the entrance of the vena 
azygos which represents the cranial half of the vena cardinalis in- 
ferior. In our case the right superior vena cava either has not de- 
veloped or else has disappeared entirely, while the left remained 
taking functionally the place of the right. Whether the entrance of 
the sinus sagittalis superior into the left sinus transversus had any- 
thing to do with this transposition or whether it is only a part of it 
is open to discussion.” It may be recalled that the course of the 
sinus sagittalis superior is mentioned only by Weigert.!° In his case, 
as in ours, the sinus sagittalis superior continued into the left sinus 
transversus. Weigert attributed the presence of the left vena cava 
superior to an early synostosis of the sutura mastoidea, aplasia of 
the right sinus transversus and of the right vena jugularis interna. 
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SUMMARY 


A rare vascular anomaly in a 2 weeks-old negro infant* is de- 
scribed. The arrangement and the course of the dural sinuses, the 
large venous trunks of the neck, the vena cava superior and the 
vena azygos presented a mirror image of the normal. There was no 
trace of a right vena cava superior. 

Previous reports of this anomaly are reviewed. 
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DESCRIPTION OF PLATES 


PLATE 41 


Fic. 1. View of the confluens sinuum. The sinus sagittalis superior enters the 
left sinus transversus. 


Fic. 2. Arrangement of the large vessels of the neck and thorax. The arrange- 
ment and course of the large venous trunks of the neck, the vena cava 
superior and the vena azygos present a mirror image of the normal. The 
right vena anonyma has the usual length of a left vena anonyma, while the 
left vena anonyma has the usual length of a right vena anonyma. By the 
junction of the right and left venae anonymae a left superior vena cava is 
formed which passing in front of the aorta and arteria pulmonalis joins the 
sinus coronarius. The vena azygos enters the vena cava superior sinistra 
as would the normal azygos vein the normal superior vena cava. 
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PLATE 41 
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PLATE 42- 


Fic. 3. Entrance of the vena cava superior sinistra into the sinus coronarius. 


Fic. 4. View of the right atrium. The asterisk marks the site where the vena 
cava superior normally enters the right atrium. 
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THE TOTAL NUMBER OF GLOMERULI IN THE 
CONGENITALLY ASYMMETRICAL KIDNEY* 


Rosert A. Moore, M.D. 
HANNA RESEARCH FELLOW IN PATHOLOGY 


(From the Institute of Pathology, Western Reserve University, Cleveland, Ohio) 


In a recent communication! the results of total glomerular 
counts in the enlarged kidney induced by unilateral nephrectomy 
have been presented. The present paper gives the counts of the 
total number of glomeruli in congenitally asymmetrical kidneys. 

Investigations by others have been limited to a count of the total 
glomeruli in equal areas of sections from normal and abnormal 
kidneys, but the results have been variable. 

Eckardt * assumed that the volume of any two kidneys is in 
direct proportion to the total number of glomeruli. On the basis of 
this hypothesis he studied three cases of agenesia in man and con- 
cluded that, in congenital defects, there is a true unit hyperplasia, 
“eine Vermehrung — sowohl der glomeruli wie der Harnkandlchen,” 
in the solitary kidney. 

F. C. Moore*® and Gladstone‘ have investigated instances of 
agenesia in man and conclude, on the basis of relative counts, that 
there is no increase in the total number of glomeruli in the single en- 
larged kidney. Boycott * studied a case of agenesia in a rabbit and 
arrived at the same conclusion. 

Numerous other workers have studied examples of agenesia and 
hypoplasia, in most instances from a purely anatomical standpoint. 
The literature is well summarized by Fortune. 

The recent development of an accurate method for enumeration 
of the glomeruli by Vimtrup’ has opened a more exact method of 
approach to this problem. 


METHOD 
The general method of Vimtrup was followed. As used by us, it 
consists of irrigation of the vascular bed of the kidney with tap 
water, and injection with a medium composed of equal parts of a 
1.5 per cent aqueous solution of ferric ammonium citrate and potas- 
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sium ferrocyanide. The general principles followed in injection are 
given by Scott and Moore.* When the entire circulatory tree has 
been filled with this solution the kidney is cut into eight to ten sag- 
gital sections and the cortex carefully separated from the medulla. 
The cortex is placed in 25 per cent hydrochloric acid for twenty-four 
hours, when it is washed in water and weighed. 

Duplicate or triplicate samples are removed, and separately 
weighed. Each sample consists of ten to twelve small pieces from 
different portions of the kidney. It is planned that these samples 
together shall constitute from one twentieth to one fiftieth of the 
total weight of the cortex. The samples are replaced in 25 per cent 
hydrochloric acid and allowed to digest until the tissue just falls 
apart on gentle pressure with a needle, when they are washed and 
suspended in a mixture of 3 parts glycerol and 1 part 10 per cent 
chloral hydrate. The tissue is emulsified in the glycerol and placed 
on slides with a pipette. The glomeruli are plainly visible with a 32 
mm. objective and X 5 or X Io eyepiece and are enumerated with 
the aid of a mechanical stage. From the count of the total glomeruli 
in the weighed sample, the number per gram and the total in the 
entire kidney is easily calculated. At the time of removal of samples 
for counting, five to six specimens were removed, fixed in 10 per 
cent formalin and sectioned. A study of these sections served as a 
check on the completeness of injection. In all cases at least 96 per 
cent of the glomeruli have shown Prussian blue within the capillary 
loops. 

A detailed study of the errors of this method of enumeration of 
the glomeruli in the human kidney will appear in conjunction with 
studies of the normal kidney from this laboratory. 


RESULTS 


Three cases of enlargement associated with hypoplasia in man 
and one case of agenesia in a dog have been studied. In each case 
the glomeruli in the enlarged kidney were enumerated. In one 
instance a count of the hypoplastic kidney was made. In all cases 
the kidneys studied have been free of any chronic changes which 
might be associated with a decrease in number of glomeruli. 
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TaBLeE I 


Kinney No. 42. City Hospital No. 5726. Male, 60 years of age, white. Hypoplasia 
(for enlarged mate see Kidney No. 43) 


RATIO 1:1.27 


Weight in grams 


0.94 12,417 
0.79 11,248 


Glomeruli in samples 

Glomeruli per gram 

Estimated total glomeruli in kidney 


Taste II 


Kiwney No. 43. City Hospital No. 5726. Enlarged — (For hypoplastic mate 
see Kidney No. 42) 


2,783 
610 
9,213 
12,606 


Total weight samples counted... 3.285 gm. 
Glomeruli in samples 

Glomeruli per gram 

Estimated total glomeruli in kidney 


Sample Fi Count Glomeruli per gram 
RATIO 1: 2.87 
Sample Weight in grams Count Glomeruli per gram : 
0.37 7,521 
4 
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Taste III 


Kiwney No. 52. Lakeside Hospital No. 3190. Male, 53 years of age, white. 
Enlarged, associated with congenital hypoplasia of the opposite kidney. 


Total cortex 


Weight in grams 


Glomeruli per gram 


4-65 
4-27 


3,612 
3,428 


Glomeruli in samples 
Glomeruli per gram 
Estimated total glomeruli in kidney 


TaBLe IV 


Kinney No. 108. City Hospital No. 5830. Male, 42 years of age, white. 
Enlarged, associated with congenital hypoplasia of the opposite kidney. 


RATIO 1:4.07 


Weight in grams 


Glomeruli per gram 


3.01 
2.50 


23,336 
18,707 


7,752 
7,482 


Total weight samples counted... 5-51 gm. 


Glomeruli in samples 
Glomeruli per gram 
Estimated total glomeruli in kidney 
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Sample Count 
Sample Count 
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TABLE V 


Kwney No. 105. Dog-Agenesia. (Male, setter type of mongrel, weight 15 Kgm. The 
thoracic and abdominal viscera were normal with the exception of the right urinary 
tract. The kidney, renal artery and upper third of the ureter were absent on the right 
side. The right ureter ended in a small blind bulbous sac in the region of the third 
lumbar spine. The right adrenal was normal.) 


RATIO 1: 3.29 


Weight in grams 


0.57 
0.43 
0.49 


Glomeruli in samples 

Glomeruli per gram 

Estimated total glomeruli in kidney 


DISCUSSION 


Comparison of our results with the normal values of Vimtrup’ 


demonstrates that the enlarged kidney associated with a congenital 
anomaly of its mate, contains the usual number of glomeruli char- 
acteristic for one kidney of that species. Kidneys 42 and 43 from 
the same patient, are particularly instructive, since the total in 
both, 1,322,953 is markedly below the average normal of 1,600,000 
to 2,000,000 for man. The number in the enlarged kidney is well 
within the normal range despite the low total in the hypoplasia. 

The count of 1,354,432 in Kidney 108 is slightly above the highest 
count reported by Vimtrup or secured by us, but the difference is 
not great and does not invalidate the conclusions. 

The ratios of medulla to cortex, of 1:2.87, 1:3 and 1:4.07 in the 
enlarged human kidneys are greater than normal and indicate a 
relatively greater increase of cortical tissue than medullary tissue. 
The reverse is true of the hypoplastic kidney. 

The significance of these findings on the function of the congenit- 
ally large and small kidney is not, at once, apparent. In all cases, 
we have noted that there is not an appreciable decrease in the size 
of the renal artery to the small kidney as compared to a normal 
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kidney. This points to a fault of development not associated with a 
deficient available blood supply, and the condition should be termed 
a hypoplasia in distinction to a hypotrophy or atrophy. The lesser 
number of glomeruli also favors the application of the term hypo- 
plasia. The enlarged kidney found in congenital hypoplasia of the 
opposite side, has been designated “hypertrophic,” but it is thought 
that until there is proof that, in addition to an increased size, there 
is an increase of functional ability, the term “enlarged” should be 
employed. 


CONCLUSIONS 
The enlarged kidney associated with hypoplasia or agenesia of 
the opposite kidney contains the usual number of glomeruli char- 
acteristic for one kidney of that species. 
Note: I wish to thank Dr. Alan Moritz and Dr. Otto Saphir for 
the specimens used in this investigation and Dr. Howard T. Karsner 
for aid in the preparation of the paper. 
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PAPILLARY ADENOMA OF THE URINARY BLADDER 
IN THE OX* 


REPORT OF A CASE 


H. Fetpman, D.V.M., M.Sc. 


(From the Division of Experimental Surgery and Pathology, The Mayo Foundation, 
Rochester, Minn.) 


The occurrence of neoplasms of the urinary bladder in the lower 
animals apparently is infrequent, if one may draw conclusions from 
the relatively few cases reported in the literature. In a series of 
sixty-three malignant tumors affecting the common domesticated 
animals, Fadyean ! listed two in twenty-six equine tumors as af- 
fecting the bladder. Both of these occurred in mares and were con- 
sidered to be carcinomas. Cadeac? observed carcinoma of the 
urinary bladder of a horse, with general metastasis to the abdominal 
organs, and Huynen® reported a case of carcinoma of the bladder 
in a 6 year-old dog. The tumor occupied the anterior extremity of 
the bladder, and both ureters passed through the mass; the left 
ureter was open, whereas the lumen of the right was entirely oblit- 
erated. Hobday‘ listed papilloma, sarcoma and carcinoma as 
tumors of the urinary bladder which may be encountered in dogs 
and cats. He also described briefly a few cases in dogs. Of a total of 
1184 carcinomas of the lower animals studied by Sticker,® the genito- 
urinary tract was affected in 195. Primary carcinoma of the bladder 
occurred in nine dogs, fourteen horses, and nine cattle. Tumors of 
the urinary bladder were not found by Sticker in cats, sheep or 
swine. Kitt,’ in his textbook on comparative general pathology, 
displayed an illustration of a carcinoma of the bladder of a cow. 
Fox’ did not record a case of neoplasm of the bladder in his ex- 
tensive observations of captive wild mammals and birds. 

In my observation of more than 400 tumors in animals, the only 
tumor of the urinary bladder is the one reported here. This tumor 
was one of a series of 159 bovine neoplasms, mostly from abattoir 
cases in which carcasses had been subjected to careful autopsy. 


* Received for publication October 19, 1929. 
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CasE REPORT 


The tumor was found in the urinary bladder of a 4 year-old Her- 
ford cow which was slaughtered for food. The animal was in good 
physical condition, and other abnormalities were not noted on care- 
ful postmortem examination. When the bladder was opened, numer- 
ous small calculi were found. The mass, which was of a fleshy 
consistence, was firmly attached to the mucosa of the body of the 
bladder by a rather broad base. It measured 3 cm. in width at the 
base and projected into the interior of the bladder approximately 3.5 
cm. The growth consisted of one major lobe and two smaller units, 
separated from each other and the large unit by deep clefts. The 
surface of the tumor was fairly smooth and possessed many yellow- 
ish cystic foci measuring from 0.1 to 0.2 cm. in diameter. The growth 
did not penetrate the wall of the bladder; it was confined to the in- 
terior of the organ. 

Microscopically, the growth was made up of a large number of 
ducts or tubular-like structures, irregular in size and lacking scheme 
or system in their arrangement, Fig. 1. The ducts consisted of 
closely packed epithelial cells with a clear cytoplasm and a small 
granular nucleus situated near the base of the cells, Fig. 2. A def- 
inite basement membrane was absent, the cells resting directly on 
the fibrous tissue constituting the stroma of the growth. The con- 
tents of the respective cells of the parenchyma were globular in 
form and seemed to be of a mucinous nature. Sections stained 
specifically for mucin gave the characteristic color reaction for this 
substance. Many large cystic cavities were present, each of which 
was lined with a single layer of epithelial cells of the same character 
as those lining the smaller tubules and duct-like structures. The 
height of the respective cells lining the cysts varied from high 
columnar to cuboidal; this feature seemed to have a relation to the 
pressure exerted by the contents of the cysts. The cystic content 
was of a mucinous nature; apparently it was the product of the cells 
lining the cavities. Mixed with the mucinous substance of the cysts 
were enormous numbers of leukocytes with the polymorphonuclear 
variety predominating. Excretory ducts could not be demonstrated. 
The stroma was fairly dense in consistence and possessed a few well 
formed blood vessels, although vascularity was not a prominent 
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feature. The surface of the growth was somewhat eroded and 
showed considerable leukocytic infiltration. 

The fact that the growth was of the nature of a polypus without 
evidence of invasion, together with the failure to demonstrate 
histologically aggressive, malignant tendencies, would seem suf- 
ficient evidence to warrant its classification as a papillary adenoma 
of the mucoid type. 


COMMENT 


This tumor is of interest because of the comparative rarity of 
neoplasms affecting the urinary bladder in the bovine species. Al- 
though tumors are by no means infrequent in this animal, the 
urinary bladder usually escapes involvement. The histogenesis of 
the epithelial cells constituting the parenchyma of this tumor is of 
some significance. Ewing * remarked that in the human being the 
mucoid type of adenoma of the urinary bladder perhaps has its 
origin from mucous glands in the epithelial lining of the organ. To 
determine whether similar glands are present in the urinary bladder 
of the ox, sections were prepared from several different areas of an 
apparently normal bladder, and in some sections of the body of the 
organ well developed mucous glands could be seen. They were not 
numerous, however, and in sections from some of the blocks none 
could be demonstrated. Apparently, the histological elements es- 
sential to a mucoid type of growth are available in the bladder of 
the ox. 

The presence of calculi in the urinary bladder at once suggests an 
etiological factor worthy of consideration. Ewing directed attention 
to the frequency of previous or coexistent cystitis in cases of carci- 
noma of the bladder of human beings, and the presence of calculi 
in this case makes it difficult to avoid the thought of a possible re- 
lationship between the tumor and the chronic irritation induced by 
the stones. In this connection it may be noted that Law ° observed 
two cases of carcinoma of the bladder in mares “complicated with 
multiple small calculi and gravel.” 


; 

2) 

7 


208 FELDMAN 


SUMMARY 


A case of papillary adenoma of the urinary bladder of a cow is 
described. The tumor was associated with calculi, and a possible 
etiological relationship is suggested. From available data, it would 
seem that tumors of the urinary bladder of cattle are not common. 
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DESCRIPTION OF PLATE 


PLATE 43 
Fic. 1. An adenomatous portion of the tumor showing its tortuous structure. 
75. 
Fic. 2. Structural detail of the epithelial cells. A basement membrane is not 
apparent. xX 350. 
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VI PLATE 43 


THE VASCULARIZATION OF THE EPICARDIAL AND 
PERIAORTIC FAT PADS* 


H. F. Rospertson, M.B. 
(From the Laboratories of Pathology, University of Toronto, Toronto, Canada) 


Only in recent years have the fat pads of the heart and ascending 
thoracic aorta been mentioned in the literature. In the human, 
Gross! demonstrated the increase of the arteriae telae adiposae 
with age, while Campbell * noted this increase with both age and 
cardiac disease. The former thought their development was not 
entirely secondary to functional need, and that they were an expres- 
sion of a general body nutritional reserve. He described a heart in 
which the fat pad vessels had prevented infarction in the region 
supplied by the almost completely occluded ramus circumflex 
dexter. The latter illustrated their function by a case of infarction 
in which an occluded coronary artery was so bridged by arteriae 
telae adiposae that infarction did not occur in the area involved. 
Davis * described the periaortic fat bodies of the dog, and studied 
them in various other animals and the human. These masses in- 
creased in size with age, and in their development bore no relation 
to the amount of general body fat. Woodruff ‘ found the fat pads of 
the dog very vascular and well developed. They were frequently 
present immediately over one of the discrete vasal openings in the 
ascending thoracic aorta. 

To further the above observations, the coronary and ascending 
aortic vessels of dog and human hearts were injected with various 
solutions. The vascularization of their fat bodies was then studied 
in the gross and microscopically by serial sections and preparations 
cleared in oil of wintergreen. 

In the human, the fat pads were found accompanying the coro- 
nary vessels of all adult hearts. They were seen in the infant as 
small collections of fat covering the coronary vessels before they 
divided, or extending over the divisions for a short distance. In 
childhood and adolescence these collections of adipose tissue in- 
creased along the sulci occupied by the circumflex, marginal, and 
anterior descending divisions of the coronaries. In early adult life 
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the majority of hearts had a quantity sufficient to cover the prox- 
imal portions of the main branches. Towards the apex and the 
septum the fat diminished in quantity, extending along the ramifica- 
tions for a short distance. The ascending aorta, which in childhood 
and adolescence presented slowly increasing delicate streaks of fat 
running parallel to the aortic-pulmonary groove in front, and up- 
wards from the left coronary behind, in the adult had developed 
a fair amount of fat along these lines. Small collections of fat ex- 
tended laterally over the aorta from these. Middle life and old age 
served to increase all fat bodies abundantly. Frequently the larger 
coronary divisions became completely embedded. 

The fat pads were always most abundant on the anterior surface 
of the heart. Their extension along the circumflex branches was 
usually shorter and the amount was smaller. The posterior descend- 
ing vessels were scantily clad, except in the later decades. Hearts 
showing marked fat development over the conus arteriosus and the 
anastomosing vessels of the anterior descending branches often had 
little fat in the region of the crux behind, or along the posterior 
coronary branches. 

The right heart nearly always showed a preponderance of fat, 
sometimes this was quite marked. This increase was found most 
frequently about the right circumflex artery, its anterior descending 
branches and over the conus arteriosus. 

The amount of epicardial and periaortic fat bore no constant 
relation to the quantity of general body fat. Their extent was re- 
lated to age and to disease changes in the heart. Their thickness 
varied. In several obese patients and a few of the undernourished 
their thickness was increased, in others the reverse was found. 
Atrophic hearts nearly always possessed a thickened layer of fat 
regardless of other pathological change. 

The fat pads of the dog hearts differed from the human in that 
those of the ascending aorta were more definitely developed. As 
described by Davis they formed three distinct collections partially 
encircling the aorta beneath the pericardial reflection and closely 
associated with the periadventitial vessels. They were most promi- 
nent anteriorly. 

The epicardial fat of dog and human hearts was vascularized by 
innumerable, small, frequently bifurcating branches of the vessels 
- ramifying over the myocardium from the main coronary divisions. 
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These branches spread beneath the epicardium and anastomosed! 
with similar ones from the same vessel or from neighboring vessels. 
They also spread deeply toward and into the muscle, where they 
ended by ramifying and anastomosing with the muscular branches 
of the coronaries which penetrate the myocardium perpendicularly 
to the surface. A very freely anastomosing vascular network was | 
thus formed between the neighboring coronary vessels. we 

When the epicardial fat, extending along the branches of the right | 
and left coronary divisions, met, as over the conus arteriosus in | 
many human adults, there was a similar network and anastomosis | 
between their vessels. 

The fat bodies of the ascending thoracic aorta were vascularized 
in the above fashion by the periadventitial vessels which they sur- | 
rounded. In the human, these periadventitial vessels usually arose ~ 
as right or left coronary branches. In adults, those descending from 
the pericardium, the arch of the aorta, or the bronchial arteries were 
occasionally covered by fat which they vascularized. In the dog, 
small vessels from the lumen of the ascending aorta joined the peri- 
adventitial network. A profuse anastomosis was thus present over 
the ascending limb even in young dogs, and the fat bodies were cor- 
respondingly increased in dimension. 

Human epicardial fat was scarce or microscopic in amount at | 
birth and often abundant at old age. This increase and the degree | 
of right and left coronary anastomoses had a definite correlation. | 
Hearts well supplied with epicardial fat presented a dense network 
of vessels ramifying over the heart and sending branches into the 
myocardium. A widespread and rich anastomosis between various 
coronary vessels was then established. 

The development of the ascending aortic fat bodies was signi- 
ficant. With age the periadventitial vessels proliferated, enlarged 
and spread over the aortic wall, while the fat surrounding them also 
increased and grew along their course. Frequently the aorta was 
almost completely encircled by collections of fat which covered the 
ascending limb from the pericardial reflection to the heart. In such 
cases, periadventitial branches of the coronaries to the ascending 
aortic limb, together with similar branches descending from the arch | 
of the aorta, the pericardial and the*bronchial arteries, along with | 
the innumerable fat pad vessels, formed a richly anastomosing bed © 
of vessels over the aortic wall. Through this network a free anasto- 
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mosis between the thoracic and the coronary vessels was established, 
best developed over the conus arteriosus. 

A variation was noted in the number of vessels in the fat pads. 
Those hearts with slight or moderate pathological change and 
abundant fat pads showed relatively fewer arteriae telae adiposae 
than hearts involved in fibrosis and coronary sclerosis. 

Two injected human hearts showing fibrosis and other lesions 
illustrated the above general observations on fat pad development 
and its vascularization. 

Case 1. The first case (Autopsy 56-29) a male aged 72 years, 
died of recurrent erysipelas of one month’s duration. He had typhoid 
fever thirty years previously, but gave no sign of arteriosclerosis or 
of heart disease during life. The heart showed abundant fat pads, 
much more marked than usual over the ascending aorta, pulmonary 
artery and the conus arteriosus. There was marked sclerosis of 
both coronary arteries. The first inch of the left coronary was com- 
pletely calcified and its first branch was given off one inch from the 
sinus of Valsalva. The right coronary showed a small branch just 
at its mouth, but three small accessory and one large accessory coro- 
nary artery were present, through which a rich anastomosis was 
formed in the fat pads over the conus arteriosus with the left anterior 
descending coronary branches, and over the ascending aorta with 
the pericardial vessels and the vasa of the arch. The fat pad vessels 
and those of the ascending aortic limb were much increased in size. 

CasE 2. The second heart was from a male, aged 73 years 
(Autopsy 58-29). He claimed he had never been ill until eight 
months before death when he suffered shortness of breath, and for 
the last two months swelling of the feet and legs. Preceding death 
for several weeks there was increasing edema extending to the chest, 
and marked dyspnoea. The heart was much hypertrophied, the fat 
pads were increased over the pulmonary artery, the ascending aorta, 
the conus arteriosus and over the anterior surface of the heart. The 
left ventricle towards the apex showed a large thrombus over a very 
thin and ballooned fibrotic area of myocardial infarction. The left 
coronary was very sclerotic and almost occluded in its first portion, 
giving rise to only one small auricular vessel to the fat pads of this 
side. The second branch of the left coronary, running between the 
pulmonary artery and the aorta to the right side of the aortic wall, 
was very small. The right coronary branches were also very small 
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and sclerosed, but several ran over the ascending aorta for a short 
distance. However, the vessels from the arch and the pericardium 
were markedly increased in size and number, and spread over the 
ascending aorta into the fat pads about the right coronary artery 
and over the conus arteriosus, to establish an anastomosis with 
branches of the left coronary divisions. 


DISCUSSION 


The work of Gross, Campbell, and Davis, and that presented here, 
demonstrates that the fat pads increase with age and disease, and 
are not dependent in their growth on general body fat development. 
The fat pads are always best developed and appear first over the 
anterior aspect of the ascending aorta and heart where anastomoses 
are readily demonstrated and reach their greatest development. 
They increase and extend with the spread of the ascending aortic 
and coronary anastomoses. The dog with the peculiar vasculariza- 
tion of the ascending aorta possesses well defined aortic fat bodies. 
The fat pads always covered or surrounded the coronary or peri- 
adventitial vessels which gave them an abundant and widely 
anastomosing blood supply. 

The right heart usually shows a preponderance of the epicardial 
fat. This may depend on the relatively greater activity of the left 
heart over the right, on the predisposition of the right heart to 
atrophic changes and on the reaction of the myocardium to disease. 
The left heart, more prone to arteriosclerotic changes in its vessels, 
relies to some extent on the right heart for the establishment of a 
compensatory blood supply. The anastomoses appear largely be- 
tween the right and left anterior descending branches and over the 
conus arteriosus, both being closely related to the thoracic anasto- 
moses over the ascending thoracic aorta. When the inflammatory 
response to infection has passed, the newly formed vascular bed, 
more abundant over the right heart, becomes surrounded by fat, 
replacing atrophied and sclerosed tissue. 

The variations in the amount of the fatty deposit in relation to the 
number of arteriae telae adiposae, and the increased deposit of fat 
in atrophic hearts, would indicate that the thickness of the fat pads 
depended to some extent on cardiac inflammation and on pecu- 
liarities in metabolism. 
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In eighteen autopsies on adult cases of obesity, the epicardial fat 
was increased only in four by an amount corresponding to that of 
the general body fat. Eight hearts showed a moderate increase in 
epicardial fat, while six showed no increase. But with the exception 
of one, these hearts were moderately or severely damaged by chronic 
inflammatory change. The increase of epicardial fat corresponded 
closely to the extent of myocardial and coronary injury. 

In a series of fifty-four adult cases where chronic interstitial 
myocarditis and other cardiac lesions were found at autopsy, three 
were obese. Fifty-one had only a moderate or a decreased amount 
of general body fat, as observed in the subcutaneous tissues, ab- 
dominal wall and omentum. Thirteen of these showed an abundant 
increase in epicardial fat; eleven a moderate increase. Twenty- 
three had the usual amount present in adults, four less epicardial 
fat than usually seen. Thus, in twenty-four of these hearts, epi- 
cardial fat was more abundant than in the average adult heart. In 
all it was greatly increased over that found in childhood and ado- 
lescence. Thus, although the fat bodies increase roughly with age, 
their development depends upon the reaction of the myocardium to 
an unhealthy environment and to disease processes which are ini- 
tiated in youth and progress with years. 

In the two cases reported, coronary and myocardial damage had 
apparently been marked for many years. The increase in number 
and size of the periaortic and epicardial arteriae telae adiposae, and 
of the ascending aortic periadventitial vessels formed a widespread 
anastomotic network which supplied the myocardium. 


SUMMARY 


1. The arteriae telae adiposae of heart and ascending aorta pro- 
liferate in response to disease, augmenting the myocardial blood 
supply or tending to compensate any deficiency in it. 

2. The periadventitial vessels of the ascending aorta, joining the 
coronary vessels with those of the thorax, may greatly assist in this 
compensation. 

3. The fat bodies develop about the proliferating vessels and 
their size depends primarily on the extent of vascularization present, 
secondarily on such factors as atrophic and sclerotic myocardial 
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changes, and individual peculiarities in local and general metabo- 
lism. 
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DESCRIPTION OF PLATES 


PLATE 44 


Fic. 1. Distribution of adult fat pads. 


Fic. 2. Distribution of arteriae telae adiposae and ascending aortic periad- 
ventitial vessels. 
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Robertson Epicardial and Perivortic Fat Pads 
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